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ABSTRACT 
Direct  farm land investment and ownership by non-traditional institutional, private equity, 
and sovereign wealth funds has increased in recent years as investors find attractive 
characteristics in this asset class such as favorable risk adjusted returns, an inflation hedge, and a 
negative correlation with many other asset classes. Investors encounter difficulties valuing these 
real assets where idiosyncratic knowledge and farm management performance are central to the 
asset’s performance. Research into the drivers of farm performance has been the subject of 
substantial research, and good farms can be differentiated from poor ones. Unfortunately the 
proper valuation for direct investment in a real operating asset requires two key elements, an 
understanding of the relative performance of one investment to another, and the persistence of 
these peer rankings over time.  Research to date has omitted these two key performance 
components of proper valuation. Using several logistic regressions, the analysis leads to 
conclude that the drivers of persistence of performance are linked to managerial, structural and 
environmental (exogenous factors).   This thesis also shows that unfortunately for the investor 
there are high year to year movements of farms in the distribution of returns and efficiency in 
two samples of soybean farms, in Illinois and in Mato Grosso, Brazil. This has significant 
negative implications for an investor trying to value a farm asset.  
Key words: Farmland Investment, Persistence, Returns, Efficiency, Soybean, Mato Grosso, 
Illinois, Cost Management. 
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 Introduction Chapter 1.
I. Motivations 
Farmland as an asset class has caught the attention of investors in the recent years given the 
changes in the global agricultural sector. Indeed, the current world demographics suggest a world 
population attaining 9 billion by 2050 according to the 2010 “World Population Prospects” 
(United Nations, 2011; Figure 1-1). This forecast implies that more food will have to be 
produced to meet the demand.  This will place pressure on the global agriculture sector to 
increase output, which in turn makes land and its management of strategic importance.  
Continuing urbanization in developing countries led by countries like China, India and Brazil 
(Figure 1-2) adds to the challenge by not only reducing arable land availability through 
expanding cities, but increasing the global ratio of those that demand food compared those that 
produce food. The total arable land in the world decreased by 0.09% over the 1990-2009 period 
(Table 1-1).The only regions where the acreage of arable land rose were in Africa (1.12%), 
South America (0.79%) and Asia (0.19%). The arable land area dropped in advanced economies 
like Europe (-1.14%) and Northern America (-0.56%). This contraction in the arable land can be 
attributed to urbanization, accelerating land degradation and climate change (Schlenker and 
Roberts, 2008).The shrinking agricultural population needs to become more productive.   
In addition, around 20% of all cultivated areas in the world are considered degraded (FAO, 
2008). This degradation comes from soil erosion, soil pollution causing nutrient depletion and 
salinity further harming the potential production. Furthermore, adding climate change to these 
existing constraints to the current available arable land, the future of food supply is challenging 
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(Schlenker and Roberts, 2009). Moreover, yields for main crops have stagnated in recent years 
(Figure 1-3).  
Finally, as income rise, people tend to consume more protein based products. Indeed, as a 
country’s GDP increases, share of protein based food expand as well (Pingali, 2007). These 
products are mainly from animals (meat, milk, eggs…).This qualitative change of the demand 
causes an even greater demand for agricultural products due to multiplicative increase in the 
demand for feed grains and oilseeds (Figure 1-4). The urbanization process causes a reduction of 
farmland acreage as the expansion of cities is made on available rural land and puts high pressure 
on land prices.  
Until recent years, farmland had two main uses: food production and feed. Quest for 
alternative source of energy by countries in order to limit the use of a diminishing oil resource 
caused a third competing use to appear. Countries producing biofuels in the form of ethanol and 
biodiesel has created a significant shift in land use (Banse et al., 2008). Although wheat, corn 
and soybeans are still produced, their final usage will be for the production of biofuels (Fritsch et 
al., 2010). This new practice is likely to last as numerous governments, like the U.S., the EU, 
Brazil India, have passed legislations setting goals for the use of renewable fuels in their 
economies (Sorda et al., 2010). For instance, the European Union through set a 10% target for 
the overall share of biofuels relative to all other sources of energies. Comparable decision were 
made in significantly large agricultural countries like the U.S. and Brazil which would maintain 
the demand for biofuels and the derived demand for the commodities they are made from. In 
addition, the recent increase in oil price due to various factors of the global economy make the 
biofuel industry a competitive alternative. So given the current situation of the agricultural 
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sector, farm land prices are likely to appreciate due to the scarcity of good land and the new 
competing uses of it. 
As a tangible asset, farmland returns divide into real appreciation and current return on 
farming. The Knight Frank International Farmland Index developed by City Bank shows that 
most countries exhibit gain in nominal farmland prices Even though the document does not 
correct for inflation, it allows good understanding of the general rising trend in the values of 
farmland worldwide (Table 1-2). The U.S. shows an increase of 8% at $16,000/ha while 
Brazilian land range from $300 to $12,000 but with an increase per annum ranging from 11% to 
24% depending on the region.  
In the US specifically, the evolution of the value of the farmland asset class has been 
extensively studied. In the 1970’s the price of land showed a significant appreciation which was 
followed by a rapid depreciation in the 1980’s (Featherstone and Baker, 1987). Agricultural land 
values appreciated on average 4.33% over the 1989-2009 period. In the USA, the NCREIF 
Farmland index has increased since 2009 with the current index (2011) at 3.64% (Figure 1-5). 
Farmland returns are negatively correlated with returns to other asset classes such as stocks and 
bonds and positively correlated with inflation (Lins et al., 1992; Hennings et al., 2005; Figure 1-
6). Later studies proved that including farmland investments as a diversification strategy reduces 
overall portfolio risk (Hardin and Cheng, 2002). In addition, being a tangible asset, land serves 
as an effective hedge against inflation (Rubens et al., 1989). Documenting international land 
investment patterns and strategies is difficult due to the private nature of the activity.  Recently 
though a Boston agribusiness consultancy described in a report for the OECD that Europeans and 
United States’ investors currently dominate international land investment (HighQuest, 2010). 
The survey covered 25 private investors that had agricultural assets included in their “Assets 
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under Management”. No particular capital source dominated the study as respondents reported 
the use of publicly-traded, private and closed end funds, as well as limited partnerships and 
individual accounts. Moreover, no one corporate structure prevailed. Investors represented 
financial firms such as hedge funds or private equity firms, as well as professional farm 
management firms that had integrated upstream. The investment strategy varies from one 
country to another depending on local regulations regarding farmland investments, on land 
tenure and the related risks. But in general two typologies pervade; full integration involving on-
the-ground farm management; and integration with land ownership but no management 
responsibility. In the first case investors need to fully understand the unique characteristics and 
risks associated with individual farm, businesses. They bear the idiosyncratic risks of operating a 
going concern, with the systematic risks of agriculture. Investment returns occur from net 
operating profits from the farm business as well as land appreciation. In the second case, land is 
held more passively.  In such cases the owner generates returns from lease payments and land 
appreciation. While the second case is quite common in the United States, and South America, 
the first case is usually only found in South America.  
The current amount allocated to farmland and agricultural infrastructure can be estimated 
between $10 and 25 billion (HighQuest, 2010). This amount is expected to at least double and 
reach $28 to 42 billion by 2015. Investors’ plans generally focus on row crop production like 
oilseed, corn or wheat. Investment in livestock production, infrastructure, processing and 
logistics remain secondary. 
From the Agro-Ecological Zoning (AEZ) methodology that classifies suitability of land for 
cultivation, the majority of potential rain fed land comes from Sub-Saharan Africa and Latin 
America (Table 1-3). Indeed, these two regions account for 73% of the world’s potential supply 
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of land for rain fed cultivation. Rain fed maps of arable land serve as a proxy for target areas for 
agricultural investment. However, investments to enhance these available resources may face 
several constraints in the country. In fact, the economic and political instability, the legal risk due 
to the lack of enforcement of property laws may seriously undermine large flows of investments. 
In a model estimating the probability that a country will be a target for investment, Arezki et al. 
(2010) showed that investors are likely to be more interested in countries where potential land is 
non-forested rather than forested.  
II. Research Question 
Arezki et al. and HighQuest raise an important practical problem: while we know who are the 
investors and the source of capital, how difficult is it for outside investors in Europe and the 
United States, to identify, purchase, and operate a farm? The decision process from the investor 
is essentially threefold, whether to invest in farmland as an asset class. If yes, should the farm be 
purchased? Then once purchased should the investors actively operate the farm, or reduce their 
risk and behave as a landlord?  
Farmland as an investment class has received extensive research, especially since the bull 
market of the 1970’s.  The determination of how to identify an individual farm among many 
though has received less research. This question may seem trivial because standard valuation 
methods would dictate that investors pay some multiple of previous earnings. Generally, 
investors will conduct due diligence using historical returns and also some geographical 
indicators like soil quality or micro climate data, which serve as predictors of the future 
performance of the agricultural assets. However, Sonka et al. (1989) draw an interesting 
conclusion from their analysis of farm performance. They describe in great details the profile of 
well performing farms and stating the rationale, i.e. low input expenditures, good soil quality.  
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But they acknowledge that they have little to say about the stability of their results, which is 
critical for an outside investor. That is, how does a particular farm perform relative to its peers 
over time? They found significant movement of farms from the well performing category to the 
poor performing category from year to year. Thus in some sense they felt their results identifying 
determinants of profitability were spurious.  
Recently at a meeting with of private equity firms engaged in agricultural investments a 
director made a similar statement.  
“Neighboring farms are so different in their yields, cost structure, and 
profitability from each other and from year to year. The best farm one year can be 
the worst the next. How do I decide which farm to buy, and once I purchase it, 
how do I value it? Are trailing returns what I should use when establishing my 
valuation?” (Selby, 2011) 
 
An investor will surely have access to the production and financial records of a farm for 
purchase. Less common are direct comparisons with other farms in the area.  Often investors 
need to relay on county or regional performance averages, Goldsmith (2008) showed how 
variable regional averages can be for financial and production performance in Mato Grosso, 
Brazil, thus complicating the outside investment problem.   
The goal of this study is to explore this issue of farm business performance persistence.  
Specifically the research studies the relative variability among peer farms and across time using 
two panels of data covering the years 2007, 2008, 2009 and 2010: one of Illinois soybean farms 
and one of Mato-Grosso soybean farms.  The results show the drivers of persistence/lack of 
persistence, and the statistical profile of individual farm yield, profitability, total cost, direct cost, 
and efficiency ranks across time and between Mato Grosso, Brazil and Illinois, United States. 
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III. Thesis Summary  
To analyze the persistence of performance, six additional chapters are developed. Chapter 
two offers an overview of the literature on farm performance, the different ways it has been 
measured, and its drivers. This section helps to frame how the research contained in this thesis 
falls within the broader literature of farm performance research.  Chapter three explains the 
construction of the two datasets used in this study to evaluate farm performance and its stability. 
It offers in depth description of the variables compiled and the transformations required to make 
comparable the Mato Grosso and Illinois datasets. Additionally, this chapter discusses the quality 
of the data, its reliability and accuracy.  
Chapter four introduces the various models used in the study, and the rationale for selecting 
efficiency and returns as dependent variables. The methodology for the creation of categories of 
farms based on their levels of persistence is also detailed. Then, the chapter provides explanation 
on the decision to choose three classes of independent variables; management, structural and 
environmental. Each variable is fully described and the expectation of significance for each one 
of them is discussed. At the end of the chapter, the econometrics of the models and various tests 
used to ensure the accuracy and reliability of the results are discussed.  
Chapter six presents the results of both simple statistical comparisons across performance 
and persistency classes, as well as direct comparisons of Mato Grosso soybean farms with 
Illinois soybean farms.  Finally this chapter presents the results of the logistic regression model 
to explain the drivers of persistence/non persistence performance.   
The final chapter summarizes the research, discusses implications for those seeking 
investment and investors, limitations of this research, and suggestions for future study.  
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IV. Tables and Figures 
Figure 1-1 2011 Demographics and 2050 forecast for the 20 Most Populated Countries (in millions inhabitants) 
 
Figure 1-2 Current Highest Rate of Urbanization in Selected Countries 
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Table 1-1 Percentage Change in Available Arable Land over the 1990-2009 period 
 
 
 
Figure 1-3 Yield Evolution for 4 Main Crops over the 1980-2010 period 
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Figure 1-4 Rate of Increase in Demand for Meat in the Main Regions of the World 
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Location Average price $/ha % Price change 2010
England (average all land types) 22,000 13
Romania 1,560-3,250 0
Poland 4,550-8,125 0
Ukraine (5 to 10-year lease rights) 150-350 0
Russia 300-1,000 -10
Zambia (long leasehold) 1,000-1,500  +10 to 15
Brazil (Mato Grosso dry land) 7,000 20
Brazil (Sao Paulo sugar cane) 12,000 24
Brazil (West Bahia double cropping) 6,000 6
Brazil (Para native bush Para) 300 11
Argentina (N provinces) 1,200-2,500 10
Argentina (C provinces) 5,000-10,000 10
Canada (Saskatchewan) 1,300 7
Australia (dryland arable with reliable rainfall) 1,600-1,700 2
New Zealand (dairy) 23,000 -3
US (dryland in cornbelt) 16,000 8
Table 1-2 The Knight Frank Farmland Index 2011 
Source: Knight Frank, 2011 
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Figure 1-5 NCREIF Farmland Index (1992-2011) 
 
 
Figure 1-6 Correlation Coefficients between Farmland Asset Class and other Asset Classes or Indexes 
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Total Area
Sub-Saharan Africa 201,540       
Latin America and the Caribbean 123,342       
Eastern Europe and Central Asia 52,387         
East and South Asia 14,341         
Middle East and North Africa 3,043           
Rest of the World 50,971         
Total 445,624       
Source: Fischer and Shah,2010
Table 1-3 Potential Arable Land by Regions of the World
 
 
 
 
 
 
 
 
 
  
Total Area
Sub-Saharan Africa 201,540       
Latin America and the Caribbean 123,342       
Eastern Europe and Central Asia 52,387         
East  South Asia 14,341         
Middle East and North Africa 3,043           
Rest of the Wo ld 50,971         
Total 445,624       
Source: Fischer and Shah,2010
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 Literature Review Chapter 2.
I. Measuring Farm Performance 
Agricultural policies have shaped American agriculture, from the Land Act in 1820, to the 
currently debated Farm Bill. Likewise, other countries have undergone changes in their 
agricultural sector under policies such as Common Agricultural Policy implemented in the 
European Union (1957). The agricultural sector has been through a lot structural changes which 
ultimately convert it from a subsistence system into a more industrial and serviced based one. 
There are seven driving roles of U.S. agriculture: Technological Change, Stability of Food 
Supply, Safety of Food and Food Products, Structure and the Environment, Rural Communities 
and Rural Life, Working Conditions and Individual Freedom, Economic Policy and Political 
Process (Hallam, 1993). All of them are affected by agricultural policies and the analysis of these 
dimensions has implications for farmers’ welfare in general. Consequently, the interest by 
agricultural researchers in farm level performance is related to an ex-ante static assessment of 
farm structure and related performance to justify policy intervention and to an ex-post 
measurement of a specific policy changes on farm profitability and performance.   
II. How to Define Performance for a Farm? 
Farm results have been subject to extensive research since 1900. There are three different 
periods of farm performance analysis (Fox et al, 1993).  From 1900-1948 farm management 
analysis focused mainly on profitability as an indicator of farm success. Labor earnings, income 
and Return-On-Investments were the main success criteria. From 1948 to 1980, while the studies 
of farm profitability were declining, behavioral analysis emerged as a new way to understand 
farm performance. Researchers considered the personality of operators as a driving force in farm 
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success (Krause and Williams, 1971). From 1980 to 1993 there was a resurging interest in farm 
performance studies and investigators used a wide variety of indicators of success such as: return 
on investment, return on equity, net farm income, marginal profits, management returns, and 
labor returns per acre, (Cunningham, 1982; Korth, 1984; Cunningham-Dunlop, 1986; Sonka et 
al., 1989). The environment affects farm performance directly but also the characteristics of the 
manager (Figure 2-1). 
Figure 2-1 Factors Influencing Farm Performance 
 
 
The first driver relates to the personal aspects of the operators and is made of the “farmer’s 
drive and motivation, the farmer’s abilities and capabilities, and his biographical facts such as 
age and education”.  The second is defined by the decision making process on the farm which 
includes the practices with respect to “planning, implementing and control” in farm decision-
making. As a result technological and economic production efficiency emerged as another trend 
for understanding farm performance (Rougoor et al., 1998). Technical efficiency is defined as 
maximizing output by minimizing input. Technical efficiency can be transformed into economic 
efficiency when including price coefficients. Researchers used a production frontier approach to 
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estimate the relative farm technical and economic efficiency (Kumbhakhar and Heshmati, 1995; 
Adesina and Djato, 1996; Battese et al., 1996).  
A final line of performance research focused on financial indicators, such as debt to Asset 
ratios (D/A), off-farm income, and return on equity (Ellinger and Barry, 1987; José and Crumly, 
1993; Purdy et al., 1997).  Farm Performance Indicators 
Financial performance relates to “a subjective measure of how well a firm can use assets 
from its primary mode of business and generate revenues.” (Investopedia, 2012). Multiple 
indicators are used in a financial analysis and they are generally calculated from the firm’s 
financial statements. The use of ratios are common, such as, liquidity ratios (e.g. operating cash 
flow ratio), activity ratios (e.g. inventory turnover ratio), debt ratios (debt-to-asset ratio), and 
profitability ratios (e.g. return-on-equity, gross margins). All of them allow analysts and 
researchers to compare firms between each other, compare a particular firm with its industry, and 
compare industries, over time.  
Ellinger and Barry (1987) looked at the effects of farmers’ tenure position on characteristics 
of financial performance and the relationship of these financial indicators with farm size and land 
tenure. Using Illinois farm level data and loan records from the St. Louis Farm Credit Bank from 
the years 1972, 1976 and from 1980 to 1985; they analyzed solvency and profitability as 
measurement of performance. Using the Tukey-Kramer method and regression analysis they 
observed that the D/A ratio mean for the full owner was significantly different from the pure 
tenant. Furthermore, results from the regressions indicate that D/A ratio decrease with increases 
in the ratio land owned to total land operated. For ROA, the authors noticed a significant 
difference between tenure classes in larger farms. ROA were significantly higher in lower tenure 
group. 
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Similarly, Purdy et al. (1997) looked at the drivers of farm financial performance in Kansas. 
They evaluated the impact of farm size, tenure and degree of specialization on ROE. They also 
included the impact of some social indicators like age of the operator and the degree of risk 
aversion using a logit regression model.  ROE has an inverse relationship with risk, age of the 
operator, financial efficiency and D/A ratio. They also show that specialization in livestock 
(except beef) reduced the variability of returns.  
Mishra et al. (1999a) and Mishra et al. (1999b) took the analysis further. They used USDA 
data to regress farm net returns and operator returns to labor against operator age and operator 
age squared, debt to asset ratio, soil productivity, gross revenue, fixed costs, variable costs and 
degree of farm specialization. The management of fixed costs and variable costs were critical to 
overall profitability. A second study utilized the similar method but on data from 1994.  In this 
study the researchers organized producers into two groups; the successful 75th percentile and all 
others.  Using a logit model the authors estimated probabilities that farms with certain cost 
profiles and business characteristics would fall in one of the two groups. Ali and Johnson (1987) 
analyzed the success of moderate sized farms from North Dakota in terms of returns to labor. 
This study involved farm records from 1982-1984 collected by the state Extension service on 
300 different farms. Using multiple regression analysis, the authors measured the effect of farm 
size, cost control, production efficiency, labor efficiency and marketing on labor earnings. Farm 
size is measured by total farm assets, total work units, total acres, tillable acres, or number of 
animals. Variable costs included the cost of seeds, chemicals and fertilizer. Machinery 
depreciation plus operating costs served as the machinery cost variable. They defined production 
efficiency using a yield index, crop intensity index, number of animals per 100 acres and the sale 
of livestock products per animal. Finally, the authors estimated the marketing performance of 
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each farm by calculation of the price received for their product compared to the mean. All the 
variables effect labor earnings, while interestingly machinery costs and total assets have a 
significant and negative effect on labor earnings. A $100 increase in machinery expense 
decreases labor earnings by $3.00. The ratio of worker per tillable acre has a significant and 
positive influence on the labor earnings.  Yield too, not surprisingly has a significant and positive 
effect on returns to labor.  The use of a logistic model to forecast the performance of a farm 
based on explanatory variable was also used by Sonka et al. (1989). Early in their analysis they 
investigated the difference in the 1976-1983 mean of potential measures of performance, 
between top performing farm and bottom performing farm in terms of returns to management. 
Variables evaluated were linked to farm structure, agronomic variables, cost management and 
marketing performance. They found that farms in both groups differed significantly from the 
mean in terms of returns to management. Indeed, top performers received $15/acre more than the 
sample mean, and bottom performers got $18/ha more than the sample mean. Top and bottom 
performers too differed in terms of return on assets and yield, though soybeans yields were just 
slightly higher.  In sum top performers are better cost managers, higher yielders, better marketers 
in terms of price obtained.  Bottom performers had lower corn yields, higher costs, and operated 
on lower productivity soil.  
II.1. Agronomic Drivers of Yield Performance 
Yield effects farm financial performance through the revenue side of the analysis.  The 
literature on crop yield is deep and shows a large variety of methods in numerous settings. 
Research looks to two classes of drivers of yield, environmental variables such as soil quality, 
and management variables such as input usage (Kaufman and Snell, 1997).  Environmental 
models often employ simulation or experimentation in order to model the relationship of yield 
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based on precise indicators of the plant physiology such as evapotranspiration, respiration or 
photosynthesis measures, soil, seed variety (Kumudini et al., 1999; Wheeler et al., 2000). 
Thompson ( 1962 1963 1969 1970 1975 1985 1986 1988 1990) was one of the first to propose 
multiple regression yield models that shift the focus away from plant physiology while 
emphasizing empirical results using historical data. It is therefore easier to insert management 
variables.  
II.2. Efficiency Measures of Farm Performance  
Farell (1957) proposed the first parametric method for calculating efficiency.  He defines two 
types of efficiency, technical and allocative. Technical efficiency represents the ability of the 
firm to maximize its outputs based on a given set of inputs. When allocatively efficient, firms use 
inputs in an optimal way given their respective prices. Combined they comprise total economic 
efficiency. A firm deemed to be technically efficient operates on the production frontier (Ali and 
Byerlee, 1991). Inversely, a firm is technically inefficient if it fails to achieve maximum output 
given its set of inputs, thus it is not operating on the frontier. A firm is economic efficient if it is 
both technically and allocatively efficient.  
A rational producer producing one single output and using a set of inputs          that 
are purchased respectively at a price          and operating on a production frontier will be 
considered efficient. However, if the producer’s input mix fails to maximize output or could be 
readjusted to attain the same output level, then the producer is not economically efficient. The 
farmer’s input ratio has to sit on both the production isoquant and on the expansion path (Figure 
2-1).   
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Figure 2-2 Technical and Allocative Efficiency 
  
Coelli, 1995 
SS’ is the known unit isoquant and the production technology is assumed to have constant 
returns to scale. If a firm uses a mix of input     and     defined by point P to produce a single 
output    then the technical efficiency is given by the ratio OQ/OP which is the proportional 
reduction of inputs that could be achieved without reducing the level of output. If input price 
ratio is represented by the line AA’, the allocative efficiency for a firm operating on point P is 
then given by the ratio OR/OQ. Then the overall efficiency is given by the product of technical 
efficiency and allocative efficiency, (OQ/OP) (OR/OQ) = (OR/OP) and all these measures are 
bounded at zero and unity.  
The parametric method relies on the specification of production, cost or profit functions. The 
economic problem is an optimization problem that can be summarized as follows: 
Let the production function be of a general form          where    is a vector of variable 
inputs (such as fertilizer, water, pesticides, hours of labor etc…) and   is a vector of fixed input 
(such as land, and equipment). If   and  are respectively the prices of outputs and inputs, and 
assuming farmers are rational and operate as profit maximizers when choosing the input mix 
subject to a technology constraint, then the following maximization problem is obtained: 
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The profit function depends on the functional form of the production function in this 
specification. Yotopoulos and Lau (1972) were the first to measure farm production efficiency. 
They used a profit function based on a Cobb-Douglas production function;  
           
with A being the technology. The profit function becomes                . This equation 
can then be linearized using a log-linear transformation which yields: 
       ∑      
 
   ∑      
 
 
This functional form can be easily computed using econometrics methods on farm level data 
which return the following model. 
         ∑              ∑              where    is the error term that embodies 
the inefficiency. Ali demonstrated, in 1986 that the error term was made of one random 
component normally distributed and a one sided error-term representing economic efficiency. 
This method caught the interest of numerous agricultural economists in the 1980s (Russell 
and Young, 1983; Kontos and Young, 1983; Dawson, 1985; Taylor et al., 1986). Researchers 
during this period explained the drivers of inefficiency by choosing a production function and a 
form of cost function with respect to the stochastic frontier. The efficiency measure was then 
regressed on socioeconomic, demographic, and farm size variables. For example, Parikh et al. 
(1995) analyze the economic efficiency of the Pakistani agriculture using a stochastic cost 
function approach. They show that the inefficiencies are due to the underuse of hired labor, 
fertilizer, and manure while animal labor is overused. They also show that providing education, 
access to extension services, and access to credit improves efficiency. Garcia et al. (1982) 
analyze the effect of farm size, tenure on economic efficiency on Illinois grain farms using data 
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from the Farm Business Farm Management Association. They employ a stochastic profit 
function and a two input production function to better understand the impact of farm 
characteristics on profit performance. They find that larger cash grain farms are not more 
economically efficient than smaller farms. Farm tenure has a significant impact on profitability 
in that land ownership is inversely related to short-run profit maximization.  
The parametric approach for measuring efficiency imposes restrictions on the technology and 
the distribution of the inefficiency error terms. To overcome these limitations, Charnes et al. 
(1978) based on Farrell’s work, proposed a non-parametric method that does not impose any 
assumption in the underlying production process. This measure is based on Pareto’s criterion that 
constrains final outputs such that no additional final good (output) can be produced if this 
improvement results in increasing one or more of the resources (inputs). Farrell’s measure of 
efficiency estimates the amount of excess of inputs that can be eliminated in the production 
process. In addition, it can handle disaggregated inputs and multiple output technologies. This 
method, Data Envelopment Analysis (DEA), relies heavily on linear programming procedures. 
The approach involves constructing a non-parametric envelopment frontier over the data points 
so that all observed data lie on or below the production frontier. Their first model was called the 
“input model” and assumes constant returns to scale (CRS). The term Decision Making Unit 
(DMU) is used to qualify the potential entity that is to be evaluated. They assume that “there are 
  DMUs […] each consumes amount     of input    and produces amount     ” and they 
postulate that       and        and also that each DMU “has at least one positive input and 
one positive output value”. The ratio of outputs to inputs is then used to measure relative 
efficiency. This can be written as the following mathematical problem: 
             ∑      
 
∑      
 
⁄  
22 
  
This unbounded problem is restricted so that each output to input ratio is less than or equal to 
unity which gives the following optimization problem: 
             ∑      
 
∑      
 
⁄  
           
∑      
 
∑      
 
⁄                
                        
This problem yields an infinite number of solutions. Once transformed using Charnes and 
Cooper’s method (1962) for linear fractional programming, they obtained an equivalent linear 
program in which the change in variable       to       is a consequence of the Charnes-Cooper 
transformation: 
      ∑     
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For which the dual problem is: 
        
           
∑     
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∑     
 
   
                
               
Then using a solving method (e.g. simplex), the efficiency score can be computed. This 
problem has to be solved for each DMU and the value   represents the efficiency score of the 
Nthfirm. The orientation of the original model from Charnes et al. (1978) can be changed, and 
the interpretation of the calculated efficiency scores changes but the relative ranking stays the 
same. Furthermore the model from Charnes et al. assumes constant returns to scale, but this 
assumption can be relaxed by introducing another constraint of variable returns to scale. 
DEA has been employed in a wide variety of fields from the Chinese banking industry (Chen 
et al., 2005) study to hospital efficiency evaluation (Biørn et al, 2003). The appealing feature of 
DEA is its flexibility. Indeed, researchers frequently criticize the parametric method due to the 
assumption made on the functional form of the production and related cost and profit frontier 
(Bravo-Ureta and Pinheiro, 1993; Kalirajan and Shand, 1999). There has been wide usage of 
DEA in agriculture, especially when looking at dairy efficiency performance (Cloutier and 
Rowley, 1993; Jaforullah and Whiteman, 1999; Hansson, 2008; Sipiläinen et al., 2009). Chavas 
and Aliber (1993) looked at the different efficiencies (technical, allocative and economic) in a 
sample of Wisconsin farms with a crop-livestock system and regressed the efficiency score on 
farm level financial ratios. They find significant linkage between efficiency and debt to asset 
ratios. Both intermediate and long-run debt-to-asset ratios affect the measures of efficiency. 
Featherstone et al. (1997) find that the age of the operator, degree of farm specialization, herd 
size and cost management are significant when explaining inefficiencies. 
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III. Literature Summary 
As discussed previously, the research on farm performance is still dynamic and the measures 
of performances used in the studies vary widely depending on the objectives pursued by the 
investigators. As noted, performance is usually linked to structural variable like farm size, 
specialization, or tenure; personal or social variables related to the characteristics of the operator 
such as age, years of schooling, participation in extension projects and finally to managerial 
capacities which can be technical (weed management, milk quality, yield…) and economic (cost 
management, use of debt…). Most of the research paper describe a static process and do not 
provide analyze farms over a time period to see changes in performance. However, some of them 
tried to predict future outcomes based on their results. Mishra, El-Osta and Johnson (1999) used 
a logit regression to predict the success of each farm to fall in the top performing quartile given 
some characteristics of the farms.  
While many studies examine the causes of farm performance none address a very 
fundamental component of business valuation; persistence. Persistence is the likelihood that a 
firm will perform in the same percentile next period as this period.  There can be persistent poor 
performers as well as persistent good performers.  Or farm businesses may show little 
persistence.  Sonka, et al. (1989) evaluated income variability and management performance 
amongst top and bottom performing groups of farms. After using a logit models to predict 
performance, they acknowledge the following: “”These average data mask a tremendous amount 
of year-to-year variation in performance, however. For the sample of 179 producers, 128 
producers had annual management that ranked in the top fourth of the sample in at least one of 
the eight years of the sample […] Only 22 producers were in the top fourth in five or more of the 
eight years, and only four producers were in the top category in seven or more years. Similar 
25 
  
patterns of variability are found when the composition of the bottom category is assessed.” 
Therefore there is a need to better understand the drivers of persistence of farm performance.  
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 Data Chapter 3.
This chapter explains in details the data collection as well as the construction of the dataset. 
To analyze the persistence of performance in a sample of farms, micro level data are used.  
I. Motivation for the Datasets 
As described in chapter 1, analyzing the performance of farm assets and their variability 
requires farm level data. These data are often collected by government institutions such as the 
USDA in the U.S. or its equivalent in foreign countries. However, for privacy purposes, these 
agencies only release aggregated indicators at various geographical levels. This research requires 
a panel of individual and detailed farm level data.  To this end, this research uses two unique 
datasets, the Farm Business Farm Management Association data of 5000 farms in Illinois, and 
the newly created Reference Project farms of the Corn and Soybean Association of Mato Grosso 
(Aprosoja).     
The FBFM is a cooperative service that aims at providing management related advice to 
farmers (FBFM, 2011). The association provides “financial and production business analysis 
reports”. The FBFM has several field staff in charge of 100 to 120 cooperators throughout the 
state of Illinois. Field Staff are responsible for interacting with members as well as collecting 
agronomical data and financial data such as income statement, balance sheet, cash flow and other 
tax related documents. In return, participating farmers receive financial analysis report 
comparable to benchmarking, management advice, and tax preparation support services. 
In Mato Grosso, Aprosoja is a nonprofit association that gathers soybean producers from the 
state of Mato Grosso. It was created in 2005 with the following goal of supporting the soybean 
producers in Mato Grosso to meet the demand in a globalized market by offering information, 
education, support and political representation to defend the interest of soybean growers in the 
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state. The association is organized in four regions that account for the main area planted in 
soybean in the state. Each region has a corresponding field staff.  The resulting dataset presents 
economic data which include detailed costs, detailed revenues and inventory data. Technical data 
are also compiled. It includes agronomic data and farm characteristics (farm size, share of 
different enterprises within the farm, percentage rented…). For inventory data, Aprosoja 
estimates the farm assets owned at the time farmers join the project. Depreciation schedules are 
also part of the data collection process. All data are available online so farmers can see and 
correct data as needed. The collection of data differs between Illinois and Mato Grosso. Working 
with farmer clients FBFM staff directly access compile and sort data following standardized 
rules. In Mato Grosso, the commitment and the precision of the data much more depend on 
farmers. 
For comparison purposes, the data used for both regions are relative to the soybean enterprise 
since currently, there is not enough reliable cost data for other productions in the state of Mato 
Grosso. Data involve three classes of independent variables: management, structural, and 
environmental. The management variables are related to the production process such as inputs 
and the operator has full control over the use of each of them. The structural variables are more 
characteristics of the farms that do not directly affect the amount of soybeans produced such as 
tenure and area planted in soybeans. The environmental variables are factors that affect the 
production process but the operator does not have any control over them. This is the case of 
weather variables such as temperatures, precipitations or agronomical variable like soil quality.    
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II. Management Variables 
II.1. The Direct Input Expenditures   
In Illinois, the enterprise analysis reports all the costs related to each farm for a given year. 
Direct expenditures for soybean include: fertilizer, seed, herbicide and insecticide (includes 
herbicides and pesticides). All FBFM expenses were adjusted for prepaid expenses, accounts 
payable and cash settlements. For these items, these expenses had to be allocated to the crop in 
the year they were used on the crop in the FBFM dataset.  
For the Mato Grosso dataset, the direct expenses comprise fertilizer expenditures, pesticide 
expenditures and seed expenditures. The fertilizer expenses include both nitrogen and limestone 
spreads. Some farms had a lump sum that included seed, fertilizer and pesticides, for these farms 
this amount was spread based on the average share of each input cost in the overall total direct 
input costs. These amounts correspond to package purchased from input suppliers. Because the 
pesticide expenditures are not itemized in Brazil, herbicide and insecticide are grouped under the 
name pesticide in Illinois.  
II.2. Indirect Expenditure Variables 
Indirect expenses at the farm level are those expenses allocated across the entire enterprise.  
Both Illinois and Mato Grosso estimate the proportion allocated to the soybean enterprise. In this 
study the foci are labor and machinery expenditures. Labor expenditures include only expenses 
related to annual hired labor relative to the soybean production. Although available unpaid labor 
was not used because its estimation is left to the farmer in Mato Grosso, this may differ within 
the state and also between the two regions.  
In Illinois, machinery expenditures include expenditures proportionate to their use for the 
soybean enterprise, such as repairs, machinery hire, lease costs, and depreciation expense.  
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In Mato Grosso, the machinery expense incorporates: machine repair expenses, fuel expense, 
and hired machinery for the soybean enterprise for a given year. The machinery depreciation 
expense for soybean was estimated based on the value of equipment when farms were first 
audited and follow the depreciation schedule in place at that time. The allocation to the soybean 
enterprise is based on its share in the gross revenue of the farm. 
II.3. Standardization of Expenses 
To account for inflation and to be able to make year to year comparison, all expenses were 
deflated based on the 2007 year inflation index.  The deflator used is the Consumer Price Index 
provided by the CIA World Factbook for Brazil and Illinois.  
The data collected in Mato Grosso were initially quoted in local currency, the Brazilian Real. 
For comparison purposes, all expenses were converted to U.S. Dollars. The exchange rate was 
calculated annually based on the Federal Reserve’s daily average exchange rates for the years 
2007 to 2010. 
All the expenses were spread over the planted soybean area reported by each farm to allow 
comparison between the two regions and because soybean is a land intensive production.   
III. Structural Variables and Environmental Variables 
III.1. Structural Variables 
The variables included in this category are soybean area and ownership ratio. Areas in acres 
in Illinois were converted to hectares using the USDA conversion chart (1996). The ownership 
ratio was calculated by dividing the area owned by the total area operated on the farm. The 
percentage of ownership was not available in a sufficient number of farms in Mato Grosso so it 
is not included in this analysis.  
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III.2. Environmental Variables 
The geographical location of FBFM farms are noted at the county level, while Mato Grosso 
Reference Project farms are identified at the regional and county level. As discussed in chapter 3, 
yield is an indicator of farm performance and has an environmental dimension through the effect 
of weather and soil quality. Daily meteorological data are not part of the FBFM or Reference 
Project data sets.  These data are added.  Illinois weather data, temperatures and precipitations 
corresponding to each farm originate from the Water and Atmospheric Resources Monitoring 
Program (WARM), compiled by the Illinois State Water Survey. WARM data are collected on a 
regional basis. Centroids were used to assign the closet reporting station to a farm’s particular 
county.  
Southern Marine Weather Service compiles meteorological data for Mato Grosso.  These 
data are collected on a regional basis.  Similar to Illinois, centroids were used to match the closet 
reporting station to the location of an individual farm.   
For the purpose of the study to understand the impact of the temperatures on performance, 
degree days are calculated using Schlenker’s methods (Schlenker and Roberts, 2008) as follows:  
 
           
 
                                   
                 
 
   
This methodology allows counting only the days where temperatures were in the growing 
range for soybeans (between 8   and 32   . These adjusted temperatures were summed each 
critical month of the growing period in Illinois (from March to August in Illinois and from 
November to February in Brazil).  
              𝑖𝑓 𝑇  8   
𝑇  8    𝑖𝑓 8  < 𝑇 < 3    
 4          𝑖𝑓 3    𝑇 
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Precipitation values in Illinois were converted from inches to centimeters using the USDA 
converting chart (USDA, 1996) and then summed over each month of the growing season. A 
similar method was used for Mato Grosso. 
FBFM reports a soil productivity ratio (SPR) for each Illinois farm, following Fehrenbacher 
et al., 1978. The SPR ranges from 0 to 100 with 100 being the most productive soil quality. SPR 
are not estimated thus are not available for the farms from Mato Grosso. However, this variable 
is proxied by two variables: the 5 year county average yield and the 5 year county standard 
deviation reported by the Mato Grosso Institute of Agricultural Economics. These variables 
should embody local characteristics. 
III.3. Conversion of Yield 
In Brazil, quantities of soybean produced are quoted in bags. According to the USDA 
conversion chart, a bag of soybean corresponds to 0.060 MT (USDA, 1996). Therefore, all the 
quantities reported in bags of soybeans were converted to metric ton. In Illinois, quantities 
produced were quoted in bushels and areas in acres. They were converted into metric tons and 
hectares following the USDA conversion chart: 1 bushel of soybeans corresponds to 0.027 MT 
and 1 acre of land correspond to 0.4 hectares. 
IV. Sample Distribution 
The distribution of variables varies across year and across sample (Appendices A to D). The 
average coefficient of variation on fertilizer expenditures is 0.75 in Illinois while in Brazil its 
0.26 meaning that there is less variation across farms in fertilizer expenditures in Brazil. In terms 
of labor expenditures, the histograms show that labor expenditure per hectare varies more in 
Mato Grosso than in Illinois where the expenditures are more clustered around the mean of the 
distribution. The average coefficient of variation confirms this visual analysis as it is 0.48 in 
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Mato Grosso and 1.61 in Illinois (extreme values in Illinois). In terms of net returns which are 
one of the focal farm performance measures in this analysis, the average coefficient of variation 
is higher in Mato Grosso with a value of 0.51 while it is 0.43 in Illinois. In terms of yield, there 
is slightly less yield variability in Mato Grosso since the coefficient of variation in Mato Grosso 
is 0.10, compared with 0.17 in Illinois. 
V. Data Validation 
The purpose of this section is to analyze partial budget (the economic data) with respect to 
other data of reference gathered by other entities like government agencies or any other 
agricultural agency to validate the use of the compiled dataset. 
V.1. The FBFM Sample 
When comparing the data to the one published by the USDA, it is visible that farmers that 
participate in the FBFM enterprise analysis show lower costs of production for soybean than the 
average in the Heartland area (Midwest) (Table 3-1; Figure 3-1; Figure 3-2). The FBFM farmers 
spend on average over the 4 years 10% less than the panel from the Midwest. The total cost of 
production for FBFM soybean farmers is higher with greater direct costs on chemicals 
(pesticides and herbicides) and fertilizers. This observation suggests that there is a heavier use of 
these inputs in the state of Illinois. In terms of labor, FBFM farmers employ far more labor with 
an average of 1103% more than their peers in the larger Heartland area. Regarding the share of 
the total cost of production, the major expense item is machinery for both dataset. Overall, the 
main difference in the share of each expense is the direct input expenses. 
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V.2. The Aprosoja Sample 
For the state of Mato Grosso, two agencies compile statistics of costs of production, 
Companhia Nacional de Abastecimento (CONAB) and the Mato Grosso Institute for 
Agricultural Economics (IMEA). When comparing nominal values of each item expense, no 
particular difference appears really noteworthy (Table 3-2; Figure 3-3; Figure 3-4; Figure 3-5).  
While the labor expense is slightly higher for the panel from the Reference Project for all the 
four years all other expenses look equivalent. Considering the share of each expense in the total 
cost of production, CONAB data show a higher share for the fertilizer expense than the farmers 
in the Reference Project. These farmers have a larger labor share in the total costs for all the year 
with a 6.5% share on average over the four years. Pesticide makes an average of 28% of the total 
costs while it represents respectively, 25% and 27% for the CONAB data and IMEA data. 
Overall, the Reference Project sample seems to be in accordance with other sample analyzed by 
Brazilian economic research entities. 
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VI.  Tables and Figures 
Table 3-1 Comparison of Production Expenses for Soybean FBFM sample and the USDA report for the Heartland Region 
 
 
FBFM USDA
Year 2007
Fertilizer $69.42 $31.83
Pesticides* $68.13 $35.95
Seeds $90.73 $80.03
Machinery $161.96 $224.83
Labor $50.81 $2.98
Total Listed Costs $441.1 $375.6
Year 2008
Fertilizer $105.27 $35.53
Pesticides* $82.29 $36.53
Seeds $104.26 $96.35
Machinery $233.50 $248.28
Labor $32.33 $3.15
Total Listed Costs $557.65 $419.83
Year 2009
Fertilizer $128.23 $55.03
Pesticides* $93.99 $42.18
Seeds $124.09 $133.75
Machinery $233.38 $248.28
Labor $28.54 $3.15
Total Listed Costs $608.2 $482.4
Year 2010
Fertilizer $113.25 $55.03
Pesticides* $87.29 $42.18
Seeds $138.78 $133.75
Machinery $253.37 $258.65
Labor $37.20 $3.18
Total Listed Costs $629.9 $492.8
*Pesticides includes herbicide, insecticide, and fungicide expenses
All costs in U.S. Dollars per hectare.
Source : United States Department of Agriculture,  Farm Business 
Farm Management Association Panel, and author's calculations.
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Figure 3-1 Soybean Expenses as Share of Total Expenses. FBFM sample (2007-2010) 
 
Figure 3-2 Soybean Expenses as Share of Total expenses for farms in the Heartland region. USDA report (2007-2010) 
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Table 3-2 Comparison of Production Expenses for Soybean. Reference Project Sample, the CONAB report and the IMEA 
report (2007-2010) 
 
 
Projeto 
Referencia
CONAB IMEA
Year 2007
Fertilizer $169.7 $192.6
Pesticides* $125.5 $125.2
Seeds $34.5 $31.8
Machinery $122.4 $96.9
Labor $38.5 $21.1
Total Listed Costs $490.6 $467.6
Year 2008
Fertilizer $328.5 $332.3 $419.9
Pesticides* $204.8 $149.3 $187.2
Seeds $60.7 $42.7 $48.5
Machinery $155.7 $110.2 $104.9
Labor $48.4 $25.6 $11.5
Total Listed Costs $798.1 $660.1 $771.9
Year 2009
Fertilizer $206.7 $240.5 $174.7
Pesticides* $146.8 $163.1 $156.3
Seeds $50.9 $45.3 $53.4
Machinery $109.7 $109.2 $101.9
Labor $32.6 $25.8 $12.9
Total Listed Costs $546.8 $583.9 $499.2
Year 2010
Fertilizer $216.8 $226.7 $243.4
Pesticides* $164.8 $135.2 $148.5
Seeds $58.4 $57.4 $56.2
Machinery $122.4 $124.2 $115.0
Labor $37.4 $33.0 $14.4
Total Listed Costs $599.8 $576.4 $577.5
*Pesticides includes herbicide, insecticide, and fungicide expenses
All costs in U.S. Dollars per hectare.
Sources: Projeto Referencia Panel from Aprosoja,Companhia Nacional de 
Abastecimento, Instituto Mato-Grossense de Economia Agropecuária 
and author's calculations.
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Figure 3-3 Evolution of Soybean Expenses as Share of Total Expenses. Reference Project Sample (2007-2010). 
 
Figure 3-4 Soybean Expenses as Share of Total Expenses for farms in Mato Grosso. CONAB report (2007-2010) 
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Figure 3-5 Soybean Expenses as Share of Total Expenses for farms in Mato Grosso. IMEA report (2007-2010) 
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 Methodology Chapter 4.
The empirical task is to study the relative ranking of farms and the persistence of rank over 
time to better understand the dilemma investors face valuing farms based on their performance. 
The pattern to persistence, or lack of thereof, and the drivers of persistence/non-persistence are 
of particular interest. Two measures of performance will be used, efficiency and net returns. The 
samples then fall into four categories: persistence top performers, persistence low performers, 
and non-persistent performers for both efficiency and net returns.  Once allocating the sample 
across the three categories, t-statistics and logistic regression are used to better understand the 
drivers of persistence/non-persistence.  
I. The Measures of Performance 
I.1. The Efficiency Measure of Performance 
 Following Banker et al. (1984), DEA is used to compute efficiencies in its output orientation 
form. The final measures can be interpreted as the proportional increase in outputs that could be 
achieved by the firm if it was using its inputs on the frontier. In addition, because agricultural 
production does not necessarily show constant returns to scale, this assumption is replaced by 
allowing for variable returns to scale. While the orientation does not change the estimated 
frontier, only the interpretation; the variable returns to scale condition adds another constraint to 
the problem. Overall, the DEA method is preferred to parametric methods because of its greater 
flexibility and adaptability for an agricultural production where strong assumptions on the 
production frontier may not hold. 
The mathematical form of the DEA nonparametric used to measure performance with an 
output orientation and variable returns to scale is as follows: 
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Where     is an output matrix of   number of output variables for   number of farms (DMUs) 
              is an input matrix of   number of input variables for   number of farms (DMUs) 
              is a vector of constants. 
              is the efficiency score that ranges from 1 to     
This model maximizes output production while not exceeding the resource level. The 
measure of efficiency is then transformed as follows for better interpretation.  
   <    
 <
 
 
   
 <      
A score    = 1 corresponds to an efficient farm, while   <   corresponds to an inefficient 
farm. 
The model is solved for every DMU of each samples and each year using the simplex method 
via the Generalized Algebraic Modeling System (GAMS). The precise GAMS code can be found 
in Appendix E. 
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The following table summarizes the different variables used as inputs and outputs. The 
calculated efficiency can be considered as profit efficiency.  Each input variable is considered 
highly disposable by the manager following the construction of efficiency.  
Type Variable Name 
Output Revenue per hectare 
Inputs Fertilizer expenditures per hectare 
 Pesticide expenditures per hectare 
 Seed expenditures per hectare 
 Machinery expenditures per hectare 
  Labor expenditures per hectare 
 
To allow comparison across farms, all expenses are divided by the area planted in soybean. 
However, land quality as an input cannot be used since it is not readily disposable by the farm 
manager. 
I.2. Net Returns 
The profitability measure has been used widely in studies dealing with farm performance as 
underlined in the literature review section. Depending on the publications, researchers used 
returns to labor, returns per unit produced or gross profit. For comparison purposes, the selected 
profitability measure is calculated as follows: 
                          (                                      
                                            )  
The returns are then divided by the area planted in soybean to have a unit return which 
allows for cross comparison between farms and appropriately reflects a land intensive business 
(Plumley and Hornbaker, 1991). 
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I.3. Temporal Characteristics of the Two Panels 
The sample from FBFM contains a total of 1001 observations for the 4 years, and is divided 
as follows: 257 in 2007, 290 in 2008, 229 in 2009 and 225 in 2010. Among these 1001 farms, 73 
farms are present during all years. In Mato Grosso, the sample shows a total of 139 observations, 
36 in 2007, 33 in 2008, 37 in 2009, and 33 in 2010. In the 139 farms, 8 are present during the 
four years and 16 are present during 3 years.  
II. Categorization  
II.1. Efficiency Categories 
The efficiency score calculated shows a cluster in the interval 0.97-1 (Figure 4-1 and Figure 
4-2). Some farms, such as Farm 45 in Illinois or Farm 24 in Mato Grosso, move in and out from 
this interval every year while some remain in it for most of the years like Farm 42 in Mato 
Grosso or Farm 50 in Illinois (Figure 4-3 and Figure 4-4). Therefore a farm will be deemed 
efficient if its annual score falls into the 0.97-1 interval. In addition, to capture the movements in 
and out of this interval, three categories are created. A farm is considered a persistently efficient 
performer if its efficiency scores falls in the aforementioned interval for more than 50% of the 
years. Reciprocally, a persistently inefficient performer will have its efficiency scores outside 
this this interval for more than 50% of the years. Farms moving in and out across the years are 
considered non-persistent.  
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Based on this definition, in Illinois 62% of the farms are persistently inefficient, 16% are 
persistently efficient, and the remainders (22%) were not persistent over the 4 year period (Table 
4-1). In Brazil, 44% of the farms are persistently efficient, 25% are persistently inefficient, and 
31% are not persistent (Table 4-2). As discussed earlier, the high level of efficiency in Mato 
Grosso is not surprising as the sample sizes differ greatly and the small sample in Mato Grosso 
lends itself to high levels of efficiency.  
II.2. Net Return Categories 
Farms are also quartile ranked with respect to their net returns, where the bottom, or first 
quartile, is the lowest 25 percent of farms for that year, and the top or fourth quartile is the upper 
25 percent of farms. Some farms are clustered in a particular quartile meaning that their rank 
with respect to returns in the annual distribution is stable while some farms display important 
year to year movements (Figure 4-5 and Figure 4-6). For instance, in Illinois, the farm #14 is 
always top ranked while farm #24 moves in the distribution (Figure 4-5). In Mato Grosso, farm 
#60 is always in the lowest quartile for returns, while farm #17 shows no persistence (Figure 4-
6). To capture and quantify these movements, categories are created. 
To measure the persistence of performance over the four years of study, each farm is 
evaluated based on its quartile group in a year. For instance a farm will be part of group 4 for a 
given year if its returns fall within the fourth quartile value for that year. Three categories are 
created with respect to returns: persistent good performers and persistent poor performers, and 
finally non-persistent farms. A persistent good performing farm will stay in the top half of the 
distribution of returns (3rd and 4th quartiles) for more than 50% of the years. A persistently poor 
performing farm will be in the bottom half of the distribution (1st and 2nd quartiles) for more than 
50% of the years. If for one year a farm has its returns fall in the quartile category immediately 
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above or below their average quartile group over the four years, it is deemed persistent (Table 4-
3). To illustrate a farm that shows returns in the 3rd quartile for 3 years and has one year in the 
second quartile will still be considered a persistently good performer .While presence in the 3rd 
quartile for three years with one year in the 1st will be deemed not persistent (Table 4-4). In 
Illinois, 38 % of the farms are persistent over the four years of data in terms of returns. Precisely 
24% are performing persistently poor while 18% are persistently good performers (Table 4-5). 
The remaining 62%, more than half, moved in distribution of returns during these four years of 
study.  
In Brazil, the persistence level is slightly lower as the persistent farms make up 33% of the 
sample (Table 4-6). It is however critical to mention that the farm described here are farms that 
reported data for at least three years.  The assumption is that if they had 2 years or more in a 
particular quartile they would be considered persistent at this quartile level. This implies that 
farms present only 3 years are hypothesized to stay remain in the in their average quartile for the 
missing year. Yet, the percentage of persistent/non persistent farms is still comparable between 
Illinois and Mato Grosso. The Illinois sample has more extreme persistence both poor and good 
with 10% in the category related to the first quartile and 10% in the category related to the fourth 
quartile. While in Mato Grosso, the persistent categories with respect to the two middle quartiles 
contain respectively 12% and 14% of the observation. This different could be due to a more 
homogenous sample in Mato Grosso. 
III. Independent variables 
Three types of variables are hypothesized to affect the persistence of performance evaluated 
by efficiency and returns. Managerial capacities are critical and they can be measured by cost 
management or marketing capacities at the enterprise level. These competences are applied to the 
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farm’s natural endowment of soil quality and in reaction to weather conditions. Some of these 
natural conditions may be more favorable which would cause the manager’s capacities not to be 
as important. Therefore quantifying how much management and natural endowment matter 
respectively in persistence is of interest. In addition, some dimensions that are not directly 
related to the production process may be captured by some secondary effect like the size of the 
farm or ownership. A description of these three groups of explanatory variables follows.  
III.1. Management Variables 
Management on the farm can be measured by the ability of the farmer to optimize the use of 
natural endowments and inputs to obtain an output, yield. Therefore, the management dimension 
can be embodied by the input expenditures on soybeans. Farm managers have direct control on 
these expenses and finding what are the critical input to manage the best is of interest to 
understand the persistence of performance. Consequently, input variables are used as explanatory 
variables of persistence. Given the construction of the dependent variables, the sign of the 
coefficient for the input variables should be negative.  The construction of the efficiency 
measures puts an emphasis on cost management; consequently, the persistent of efficient farms 
are expected to use fewer inputs. Inversely, persistent inefficient farms are expected to consume 
more inputs.  
Similarly, persistent high return farms are expected to employ fewer inputs than persistent 
low return farms. 
III.2. Structural Variables 
These variables are hypothesized to be indirect drivers of performances for the farm, and 
consequently their signs and significance with respect to persistence are of interest.  The first 
variable is total area planted in soybean for a given year. Similar variables have been used in the 
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literature on farm performance to allow for potential scale economies. While Ali and Johnson 
(1987) showed that larger farm outperformed smaller farms in Kansas, Garcia et al. (1982) did 
not find any significant relationship between size and success. In Brazil, Igliori (2005) as well as 
Helfand and Levine (2007) found that smaller farms in the Amazon and in the Center West were 
less efficient. In this thesis, it is hypothesized that persistent high return farms crop more 
hectares than other farms. Comparably, persistent efficient farms are hypothesized to plant more 
hectares of soybeans than other farms.  
In the spirit of Ellinger and Barry (1987), and Purdy et al. (1997) a variable related to tenure 
is used to measure the impact of tenure on performance. This variable is constructed at the farm 
level; it is the simple ratio of the total acre owned over the total operating area. Garcia et al. 
(1982), Ellinger and Barry (1987), Plumley and Hornbaker (1991) have found a significant 
positive relationship with respect to returns while Kaufman and Tauer argued higher percentage 
of ownership leads to significantly better returns in the dairy farms in New-York.  
In Mato Grosso, Aprosoja’s Reference Project has just recently added the percentage of 
rented land to the list of collected data so there is insufficient data to infer on the influence of 
tenure on farm performance for the Brazilian sample.  
III.3. Environmental Variables 
Environmental variables are variables on which the operator has barely any control but that 
still influence the production process through yield. Usually, agronomists will use indicators of 
soil quality as it should directly affect the potential yield from a particular plot, and ultimately 
affect the potential revenue from it. 
Such variable in Illinois is called the Soil Productivity Ratio, it ranges from 1 to 100 and was 
calculated at the farm level based soil structure and quality and suitable crops. It directly 
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embodies the potential productivity of the soil for the main crops like soybean and corn. 
Therefore, the expected effect on returns and efficiency should be positive as better soil should 
avoid higher use of chemicals such as nitrogen, limestone or potash to compensate the 
deficiencies, minimizing the related costs. The correlation coefficient between yield and SPR in 
Illinois is 0.56 which motivates the separation of yield into environmental and managerial 
dimensions (Table 4-7).  
Agricultural production and more specifically crop production requires suitable weather 
conditions for optimal performance. Again, revenue through its yield component can be directly 
affected by such external circumstances like droughts, or floods as extreme weather episodes. 
The influence of precipitation and temperature on yield has been studied extensively and led to 
the conception of models that measure the impact of these weather variables. More precisely, 
Louis M. Thompson developed several yield models using weather variables (1962 1963 1969 
1970 1985 1986 1988). In these models Thompson generated corn and soybean yield models 
based on technology, monthly rainfall and monthly temperatures. One of his findings was that 
above average rainfall in July and August boosted soybean yield. Thompson’s models were then 
reviewed by Tannura et al. in 2008 that showed that the aforementioned conclusion still held and 
offered empirical findings for soybean yield in Illinois, Iowa, and Indiana. Based on these 
results, the inclusion of monthly precipitation and monthly temperatures in the model should 
show some significance in explaining the persistence of the two measures of performance. The 
monthly variables included are coherent with Tannura’s work. The critical months of the 
growing season of soybean only are included for temperatures and precipitations. For Illinois 
these months are May, June, July and August while for the Brazilian state the critical months are 
November, December, January and February. Additionally, square terms of precipitations are 
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included for the months of June, July and August in Illinois; and December, January and 
February for Mato Grosso. These square terms allow for a nonlinear relationship between yield 
and precipitations during these months as too much precipitation may harm the crop and lead to a 
reduction in yield. 
IV. Estimating the Drivers of Performance and Persistence 
To compare the significance of each variable and their impact on returns and efficiency, two 
methods are used: the Tukey-Kramer test and several logistic models. 
IV.1. The Tukey-Kramer Test 
The first step of the analysis is to evaluate what differentiate high net return farms to the low 
net return on one hand, and what separates efficient farms from inefficient ones. To perform this 
task an analysis of variance is conducted and the Tukey-Kramer test is then computed. This test 
is a post-hoc test to compare the mean values of several variables of different groups. The groups 
used in this part of the study are made of farms in the top and bottom quartile with respect to 
returns and for efficiency the comparison is made between farms with an efficiency score greater 
or equal to 0.97 on one hand, and farms with an efficiency score lower than the previous 
threshold.  
The Tukey-Kramer test is very similar to a two sample t-test in its computation. However, it 
allows for multiple comparisons within subsamples and corrects for differing sample sizes. The 
Tukey Kramer test compares the mean of a variable for different groups. In the context of this 
study, the Tukey Kramer allows a better understanding of the significant differences between 
high return and low return performers as well as efficient farms and inefficient ones 
As stated previously, the Tukey-Kramer is comparable to a t-test in its computation. The 
Tukey-Kramer between two groups is as follows: 
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Comparison of    the mean of group   and    the mean of group   
          
          
The difference between the two means is to be calculated,              and compared to a 
critical range calculated as follows:      √
   
 
  
 
  
 
 
  
   . If      <     the null 
hypothesis cannot be rejected the two means are not statistically different at the chosen level of 
significance. 
IV.2. Logistic Model 
When evaluating the drivers of persistence of bad or good performance in a panel the use of a 
predictive model makes sense as estimates the influence of specific variables on the likelihood of 
realizing an event. Since the explained variable is not normally distributed, running the original 
Ordinary Least Squares with a binary variable (Linear Probability Model) will be problematic.  
The assumption that the marginal effect of a given explanatory variable is constant may not hold, 
and the assumption on the normality of the error term is hardly tenable in a small sample. In 
addition, this model allows the fitted value to have a negative sign or a value greater than one 
which too is problematic.  Consequently, to overcome these issues, a logistic binary response 
model is used. 
Theoretical Computation 
Considering the following general form of probability P: 
                          where   is a function taking on values strictly 
between zero and one. 
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While several functions ensure this characteristic, the majority of the literature uses the 
logistic function, as follows. 
                 
  
    
  where           
This regression is non-linear in both the parameters and the variables so the model cannot be 
estimated using a standard OLS regression. However, this model can be linearized as follows: 
     
 
    
 
 
    
 
     
    
    
 
Taking the natural log it yields:                 (
 
    
)            
   is called the logit and the final expression of logit model when estimated is: 
  (
 
    
)             
As    ranges from 0 to 1, L goes from    to   . L is now linear in the variables and also in 
its parameters which is critical for estimation purposes. In terms of interpretation, if L is positive 
meaning as the value of the regressors increases, the odd that the regress and equals1 increases. 
Reciprocally, if L is negative, the odds that the regressand equals one decreases as the value of X 
increases. In terms of interpretation of the coefficient the marginal effects will measure the 
change in L for a unit change in a given X. The intercept is the value of the log odds if all 
explanatory variables are equal to zero. However, its interpretation may not have a significant 
meaning for the data analyzed.   
51 
  
Application to the Measure of Persistence 
To measure the drivers of persistence, the farms are grouped based on the above categories 
and assigned as being persistently good (1, 0) or poor (1, 0) performers; where 1 is the 
affirmative and 0 the negative.  Two sets of models are estimated: one where performance is 
measure by net returns and a second where performance is measured by efficiency. Thus there 
are four separate estimations. The farms are pooled across the 4 years.  
All of the explanatory variables described in the previous subsections are used. However, the 
expenditure variables which are initially quoted as nominal value per hectare are now expressed 
in percentage of the annual mean for each sample to gain a better insight of what a change 
relative to the sample means for persistence and also to avoid potential collinearity problem that 
may arise. The four models are then estimated for the state of Illinois and Mato Grosso based on 
the following form. 
  (
 
    
)                                                                           
                                              
                               
 
  ̂ is estimated four times using each one of the dichotomous variables described above. 
Since the two regions studied have different growing periods, the extended models that 
included environmental variables (weather, soil) are necessarily different. Because the 
relationship differs for each region a discussion on the relevance of these additional variables is 
offered in the following part about the results.  
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Estimating a logistic model using Maximum Likelihood 
Due to the non-linearity of        of the logit model, it cannot be estimated using OLS nor 
Weighted Least Square so the maximum likelihood procedures is used as it provides consistent, 
asymptotically normal and asymptotically efficient estimators. This methodology consists of an 
optimization problem for which the basic concepts of computation are described based on 
Wooldridge (2009)1. 
Considering the following conditional probability function  
          [      ]
 [        ]
   , y=0, 1, where    is a vector that includes the 
intercept term. 
The log likelihood function is            [   ]           [        ]  which is well 
defined for all   values. The log-likelihood for a sample of size n is      ∑      
 
    and the 
MLE of   called  ̂. Since in the logit model   is the standard logistic cumulative distribution 
function  ̂  is called the logit estimator. 
Each of the estimators comes with an asymptotic standard error and the estimators are 
generally asymptotically normal and efficient. 
Testing for Multicollinearity 
Given the variables used, especially the weather variables, multicollinearity is likely to be 
present. To detect multicollinearity the Variance Inflation Factor is computed for all the variables 
used in the various models. The test uses the results of auxiliary regressions of each explanatory 
variable on the others for its calculation. Gujarati suggests that multicollinearity can be ignored if 
the VIF for a given variable it is below 10. In both samples the expenditure variables and the 
structural variables do not show a VIF above 10 which indicates that multicollinearity may not 
                                                 
1 For further details about the computation of Maximum Likelihood see Wooldridge, p533-534  
53 
  
be an issue for this group of variables (Table 4-8; Table 4-9). However, the weather variables 
show a high level of multicollinearity. These variables are known to be correlated by nature. 
Given that individual variables cannot be dropped as they are hypothesized to be influential, two 
separate models are created one that includes weather variables and one without thus the impact 
of multicollinearity on the performance of the models are discussed.  
Goodness of Fit and Omitted Variables 
The construction model is guided by theory and previous work, however given the diversity 
of the variables used there may be some errors on the functional form. Therefore, two post 
estimation tests are used when variables are added to the simple model. The Wald test and the 
Likelihood Ratio test. The Wald test is comparable to a t test but it uses Maximum Likelihood 
method to compute the estimates and refers to the Chi Square distribution. Similarly, the 
Likelihood-Ratio test uses the likelihood number computed for each model to compute a D 
statistic that is ultimately compared against the Chi Square distribution table.  
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V. Tables and Figures 
Figure 4-1 Annual Efficiency Score. FBFM Sample (2007-2010) 
 
 
Figure 4-2 Annual Efficiency Score. Reference Project Sample (2007-2010) 
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Figure 4-3 Annual Efficiency Score by Farm in FBFM Sample 
 
Figure 4-4 Annual Efficiency Score by Farm in Reference Project Sample 
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Table 4-1 Repartition of Categories with respect to Persistence of Efficiency in the FBFM Sample 
 
Table 4-2 Repartition of Categories with respect to Persistence of Efficiency in the Mato Grosso Sample 
 
  
Category Frequency Percentage
Persistent efficient performers 12 16%
Persistent inefficient performers 45 62%
Non-persistent performers 16 22%
Sample size 73
Category Frequency Percentage
Persistent efficient performers 14 44%
Persistent inefficient performers 8 25%
Non-persistent performers 10 31%
Sample size 32
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Figure 4-5 Annual Rank of Farms with Respect to Net Returns. Illinois Sample 
 
Figure 4-6 Annual Rank of Farms with Respect to Net Returns. Mato Grosso Sample. 
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Table 4-3 Definition of Persistent Categories with respect to Returns using Quartiles 
 
 
Table 4-4 Definition of Non Persistent Farms with respect to Returns using Quartiles 
 
  
Number of Years = 4 Q1 Q2 Q3 Q4
4
3 1
Persistent Poor Performer 4
1 3
3 1
4
1 3
4
Persistent Good Performer 3 1
1 3
4
Poor Performing
 Quartiles
Good Performing
 Quartiles
Number of Years = 4 Q1 Q2 Q3 Q4
2 2
Examples of Combinations 2 1 1
1 1 1
1 2 1
1 1 2
1 2 1
Non Persistent Categories
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Table 4-5 Repartition of Categories with respect to Persistence of Returns in the Illinois Sample 
 
Table 4-6 Repartition of Categories with respect to Persistence of Returns in the Mato Grosso Sample 
 
Table 4-7 Correlation Matrix. Illinois Sample 
 
 
 
  
Category Related Quartile Frequency Percentage
4th 10 14%
3rd 3 4%
2nd 5 7%
1st 10 14%
Non-persistent performers - 45 62%
Sample size 73
Persistent good performers
Persistent poor performers
Category Related Quartile Frequency Percentage
4th 1 3%
3rd 3 9%
2nd 3 9%
1st 1 3%
Non-persistent performers* - 24 75%
Sample size* 32
*Only includes farm with at least 3 years of data
Persistent poor performers
Persistent good performers
Fertilizer 
expenditures
Pesticide 
expenditures
Seed 
expenditures
Labor 
expenditures
Machinery 
expenditures
Area planted
Ratio 
ownership
SPR Yield
Fertilizer expenditures 1.00
Pesticide expenditures 0.27 1.00
Seed expenditures 0.13 0.02 1.00
Labor expenditures -0.12 0.06 0.03 1.00
Machinery expenditures 0.05 0.07 0.16 0.50 1.00
Area planted 0.02 -0.05 0.13 0.13 0.07 1.00
Ratio ownership 0.16 -0.12 0.07 -0.06 0.24 -0.17 1.00
SPR -0.18 0.13 -0.11 0.08 -0.02 -0.34 -0.16 1.00
Yield 0.00 0.17 -0.05 0.18 0.20 -0.15 -0.17 0.56 1.00
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Table 4-8 Multicollinearity Test on Pooled Data in Illinois Sample 
 
VIF 1/VIF
Ratio Fertilizer 1.20 0.83
Ratio Pesticide 1.18 0.85
Ratio Seed 1.26 0.79
Ratio Labor 1.52 0.66
Ratio Machinery 1.66 0.60
Area Planted 1.24 0.81
Proportion Ownership 1.43 0.70
SPR 3.10 0.32
Historical Yield 1.23 0.81
May Precipitation 6.67 0.15
June Precipitation 53.65 0.02
June Precipitation sq 62.84 0.02
July Precipitation 107.70 0.01
July Precipitation sq 104.91 0.01
August Precipitation 77.35 0.01
August Precipitation sq 71.47 0.01
Degree Days in May 33.10 0.03
Degree Days in June 12.12 0.08
Degree Days in July 29.48 0.03
Degree Days in August 67.61 0.01
Mean VIF 30.04
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Table 4-9 Multicollinearity Test, Pooled Data in Mato Grosso Sample 
  
VIF 1/VIF
Ratio Fertilizer 1.36 0.74
Ratio Pesticide 1.40 0.71
Ratio Seed 1.19 0.84
Ratio Labor 1.41 0.71
Ratio Machinery 1.43 0.70
Area Planted 1.35 0.74
Historical Yield Variability 1.50 0.67
Historical Yield 1.91 0.52
Average Price 3.81 0.26
November Precipitation 3.65 0.27
December Precipitation 58.55 0.02
December Precipitation sq 58.11 0.02
January Precipitation 88.13 0.01
January Precipitation sq 70.47 0.01
February Precipitation 110.75 0.01
February Precipitation sq 103.03 0.01
Degree Days in November 17.93 0.06
Degree Days in December 13.27 0.08
Degree Days in January 13.83 0.07
Degree Days in February 17.21 0.06
Mean VIF 28.52
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 Results Chapter 5.
I. Statistical Overview 
Sample farmers in Illinois plant on average 140ha while in Mato Grosso sample farmers 
plant on average is 1517ha (Table 5-1 and Table 5-2). Sample farmers in the state of Illinois 
operate with excellent soil endowments as half of the farms have Soil Productivity Ratios in the 
80-99 interval. Such data are not available in Mato Grosso, but the low inherent productivity 
level of tropical soils is well known (Furley and Rater, 1988). In Mato Grosso natural soil pH is 
around 4.0 with high levels of aluminum and extremely low levels of organic matter. This 
requires vigilant lime and fertilizer management. Additionally tropical environments, have no 
freeze period, and exist with extended periods of high moisture and continuously high ambient 
temperatures. High pest pressure results and thus requires aggressive management of detrimental 
insects and fungi. Therefore, the agronomical potential and ultimately the yield potential results 
less from the soil endowment and more from input management in tropical settings. As a result, 
expenditures on fertilizer per hectare, at $211.46/ha, are more than 100% times higher in the 
Mato Grosso sample compared to Illinois. Sample farms in Mato Grosso expend on average 77% 
more on pesticides than farmers in Illinois,  $147.36/ha versus $82.45/ha.  
Concerning the seed expenditures, Mato Grossan farmers have been have been reticent both 
paying for GMO technologies and adopting the technology at the high levels of U.S. farmers. 
The saving a portion of the harvested seed without subsequent payment of the royalty fee to the 
seed firm, led private firms to slow the introduction of new technologies, keep seed prices low, 
and limit research and development (Goldsmith et al., 2006; Endres and Goldsmith, 2007).  In 
Illinois, however there is greater enforcement of intellectual property rights, new technologies a 
readily available, and technology fees are collected.  Given the monopolistic competition 
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structure of the U.S. seed market farmers face a higher price as the product range is wider and 
deeper (Fernandez-Cornejo, 2004). Seed expenditures in the samples reflect this difference given 
that the Illinois farmers expand $113.03/ha, 142% more on seed than their peers in Brazil. 
Summing all direct expenditures, farmers from the Illinois have 26% lower costs of production 
than their counterparts in the Brazilian state (Table 5-3).  
When looking at the machinery costs and labor costs, the comparison differs. Farmers in the 
two regions expend the same dollar amount per hectare on labor. However, there are interesting 
differences when factoring in the average cost per estimated full time equivalent (EFT). In Mato-
Grosso, the total expenditure on labor for an average area planted of 1,518ha would be $ 59,240 
which is equivalent to 3.27 Brazilian EFT. In Illinois for an average area planted of 140 the total 
expenditure on labor would be $5,222 which corresponds to 0.18 EFT in the U.S, a 94.5% 
difference than Mato Grosso farms. Soybean production in Mato Grosso is therefore 
significantly more labor intensive than in Illinois2.  
Soybean production in Illinois though more capital intensive than in Mato Grosso. Illinois 
farmers on average incur $219.60 per hectare in machinery charges compared to $125.49 in 
Mato Grosso, a 43% difference. Though the production functions differ between Illinois and 
Mato Grosso yields compare well. Illinois farmers in the sample average 3.40 MT/ha while 
farmers in Mato Grosso yield 3.24MT/ha, a 5% difference.  
Weak transportation infrastructure, relatively low levels of domestic agro-industrial 
development, large distances to ports and export markets, and the lack of storage create low 
prices and a weak basis in Mato Grosso (Schnepf et al., 2001; Goldsmith and Hirsch, 2006, 
                                                 
2 In Illinois, Estimated Full Time was estimated using the average wage for agricultural worker in the US 
Department of Labor, at 12USD/hour. In Mato Grosso, the value was estimated from the wages used in the 
calculation the cost of production reported by IMEA at 5USD/hour. 
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Goldsmith, 2008) Sample farmers in Illinois receive an average price of $395.72 USD/MT while 
Mato Grosso farmers receive a price of $295.10, a 31% difference.  
II.  Net Returns: Top and Bottom Performers 
Illinois 
Illinois high producing farms have statistically significant higher average efficiency scores 
across all four years (Table 5-4).  Similarly, high producing farms are higher yielders and have 
statistically higher soil productivity indexes compared with poor performing farms. Not 
surprisingly correlation is high between yield and the Soil Productivity Ratio (Table 4-7). On 
average the high performing farms out yield poor-performing farms by 35%. High return 
performers on average plant fewer soybean hectares than poor performing farms. This 
relationship though is not statistically significant. On average high performing farms plant 23% 
fewer hectares. Fertilizer expenditures for the bottom performing group are significantly higher 
for 3 out of the 4 years at the 1% level of significance. On average high return farms fertilizer 
expenditures are 36% lower than low return farms. The same is true for pesticide expenditures, 
except that the differences are only statistically significant in one of the four years.  On average 
high performing farms expend 13% less than poor-performers.  High return farms as well spend 
less on seed, precisely 22% less than poor performers. This finding is consistent with earlier 
findings two studies made by Goldsmith in 2007, and Goldsmith and Rasmussen in 2008; the 
average soybean yield in Illinois could be increased by 18% if farmers used the top 25% of 
soybean seed varieties. This finding indicates that some farmers may be not fully informed about 
the price performance relationship associated with the seed they buy. 
 Regarding indirect costs, high performers have lower expenditures on machinery, with the 
difference averaging 28%. In terms of labor expenditures, high performers have significantly 
65 
  
different expenditures for two out of the four years but none of the groups is always lower or 
higher. 
To summarize, good performers are significantly high yielders and manage their fertilizer 
expenditures better and more efficiently than their poor performing counterparts. This can 
partially be due to different soil quality as revealed by the significantly lower value of the Soil 
Productivity Index for the low performance farms. Additionally, the low return farmers have a 
more intensive use of machinery while the top performing group has a more rational use of 
machinery.  
Mato Grosso 
In the Brazilian state, high return farms have significantly higher efficiency scores; this 
difference averages 24% over the four years (Table 5-5). In terms of yield, the top performers 
obtain significantly higher yields than their low performing peers. This difference averages 12% 
and is significant for two out of the four years. Top performers do not plant more acreage of 
soybeans. Regarding fertilizer, high performers spend significantly less than low performers with 
an average difference of 25%. Moreover this difference is significant at 5% for two out of the 
four years. Likewise, high return performers expend significantly less on pesticide than the low 
return performers. This difference is significant for three years and averages 38%. Seed 
expenditures, machinery expenditures and labor expenditures do not distinguish significantly the 
high return farms from the low return ones. 
III.  Efficient and Inefficient Farms 
As explained in the methodology chapter, farms are deemed efficient if their calculated 
efficiency score falls in the 0.97-1 interval. 
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Illinois 
Efficient farms yield significantly higher with on average 4% more production than 
inefficient farms (Table 5-6). This difference is significant for two years out of the four. 
Likewise, efficient farms have a higher Soil Productivity Ratio; this difference averages 7% and 
is significant each year. Unexpectedly, the area planted in soybean is statistically lower for the 
efficient farms that crop 38% less than the inefficient farms. These finding suggest that there are 
diseconomies of scale concerning efficiency.  
Regarding input expenditures, fertilizer expenditures are significantly lower for farms that 
are efficient by an average difference of 29%. Moreover, the average pesticide expenditures are 
significantly lower by on average 27% and this difference is significant every year. Regarding 
seed expenditures, efficient farm spend less on this input than their inefficient peers. More 
precisely, the efficient farms average 22% less on seed expenses than their inefficient peers. 
Also, efficient farms manage to spend significantly less on machinery during three out of four 
years; with an average expense 14% lower for the efficient group. 
Mato Grosso 
The 0.97-1 interval includes nearly half of the sample each year: 56% in 2007, 51% in 2008, 
46% in 2009, and 45% in 2010. Efficient farms in Mato Grosso have higher yield than their 
inefficient peers (Table 5-7). Concerning direct input costs, efficient performer spend 11% less 
on fertilizer, but the main significant difference in input cost management between the two group 
is pesticide. Indeed, efficient farms spend on average 16% less on this input than the inefficient 
farms. This difference is significant for two out of the four years. 
 Regarding machinery expenditures, efficient farms disbursed significantly less than 
inefficient farms. Farms in the efficient category exhibited expenditures 16% lower than 
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inefficient farms. Similarly, for labor expenditures, the amount paid was 20% lower for efficient 
farms and was significantly lower in two out of the four years.  In terms of gross revenue, 
efficient farms show a significantly higher amount across the four years compared to inefficient 
farms, averaging 10% higher. Overall, some particular costs like pesticides, machinery, and labor 
influence the efficiency score negatively in Mato Grosso while yield and revenue (price) affect it 
positively.  
IV. Efficient and High Return Farms Differences: An Example. 
When comparing inefficient farms to efficient farms, one would expect that an efficient farm 
would also be a high return farm. The Pearson correlation coefficient between net returns and 
efficiency is equal to .66 in Illinois and .56 in Mato Grosso which implies that the two measures 
are correlated (Table 5-8 and Table 5-9). Yet, in the previous section, the top and bottom 
performers do not have the same differences as inefficient and efficient. In Illinois, only half of 
the efficient farms also have high returns. Regarding the other half, it suggests that they could 
further improve their management of cost given their output or improve their revenue given their 
current output level. In Table 5-10, the two farms from the same county show persistently high 
returns but farm F102101 is also persistently efficient while  F10408101 is not. These two farms 
have comparable revenues and yields but they differ in their pesticide and machinery 
expenditures. F10408101 has on average 200% higher expenditures on pesticides and on average 
74% higher expenditures on machinery. Moreover, when looking at the soil characteristics, these 
two farms differ by their soil quality. The yield is equivalent which means that the operator in F 
10408101 was probably able to achieve high yields even with relatively poorer soil quality and 
higher pest pressure by using more inputs. The efficiency method uses only disposable inputs for 
its calculation; it rewards farms that maximize their output by simultaneously minimizing inputs 
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only. Therefore it does not account for difference in land quality and consider any deviation from 
the frontier as inefficiency in cost management. Inversely, a farm can be efficient but may not 
necessarily receive high returns because a move out of the frontier to increase returns would lead 
to an increase in input use which may not necessarily bring a proportionate increase in revenue 
(this change in input use and output has to follow the expansion path) which may not be easily 
feasible.  
V. Finding the Drivers of Persistence 
In the methodology section, farms were classified based on the stability of their position in 
the distribution of returns every year. Ideally, a potential investor would want to know what to 
expect in terms of returns but also in terms of relative performance among the other farms in the 
area to better price the farm asset.   
Two models help explain the drivers of performance rank for both net returns and efficiency 
measures. Model I includes all key variables except weather while Model II adds in monthly 
precipitations and degree days. For each model, the Wald Test and the Likelihood Ratio are 
performed to test for model omitted variables. Interpreting a logistic model can be difficult 
because the results are given as the log of the odds ratio.  Computing the average marginal 
effects allows for a more intuitive interpretation.   
Performance Rank Persistence- High Net Return Farms  
 Model I 
Incurring machinery expense in Illinois above the mean significantly decreases the 
probability a farm will be a persistent high performer (Table 5-11). This coefficient is significant 
at the .01 level. This was also the case in Mato Grosso; significant at the.05 level (Table 5-12). 
The value of the average marginal effects is also important to note. The effect in the Illinois 
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model is -.34; meaning that a marginal increase in machinery expenditure decreases the 
probability of being a persistent high return farm by 34%.  For Mato Grosso the effect was -29%.  
 The second most influential variable in the Illinois model is seed expense. An increase in 
seed expenditures above the mean decreases the probability of being a persistent good performer. 
This coefficient is significant at the .01 level.  This variable was not significant in the Mato 
Grosso model. The effect in the Illinois model is -.16; meaning that a marginal increase in seed 
expense decreases the probability of being a persistent high return farm by 16%.    
The third most influential variable in the Illinois model is pesticides.  An increase in pesticide 
expenditures above the mean decreases the probability of being a persistent high return 
performer.  This coefficient is significant at the .1 level.  In Mato Grosso pesticide expense is the 
second most influential variable and is significant at the .0l level.  The coefficient value of 
pesticide expense in the Illinois model is -.07 meaning that a marginal increase in pesticide 
expense decrease the probability of being a persistent high performer by 7%.  In Mato Grosso the 
effect is much larger at -30%.   
An increase in labor expense above the mean decreases the probability of being a high 
performer in Illinois. The coefficient is significant at the .01 level.  The labor variable is not 
significant in the Mato Grosso model. The coefficient value in Illinois for labor is +.04, meaning 
that a marginal increase in labor expenditures increases by 4% the probability of being a 
persistently high performing farm.  
An increase in soil productivity level (soil quality) increases the probability of being a 
persistent good performer.  This coefficient was significant at the .01 level.  In Mato Grosso, the 
soil productivity index is unavailable but proxied by county historical yield variability and 
county historical yield metrics. Consistent with the Illinois, the historical yield is positive and 
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significant (.05 level). County historical yield variability in Mato Grosso is not significant. The 
coefficient value in Illinois for soil productivity is +0.01, thus a marginal increase in soil 
productivity results in a 1% increase in the probability of being a high performer. In Mato 
Grosso, the coefficient value for county historical yield is +.69, meaning that a marginal increase 
in the county yield results in a 69% increase in the probability of being a high performer. This 
finding is counter intuitive since soils in Mato-Grosso are acids and management of this poor 
land quality through fertilization should matter more than local soil characteristics. 
Two additional variables were tested, but unfortunately were not available in both regions.  
In Illinois, an increase in the proportion of ownership decreases the probability of being a 
persistent high performing farm.  This coefficient is significant at the .01 level.  The effect 
though negative is quite small.  The coefficient value for the proportion of ownership is -.00, 
thus effect on the probability is less than 1%.  
In Mato Grosso an increase in the average price received increases the probability of being a 
persistently high performing farm.  This coefficient is significant at the .05 level.  The coefficient 
value though is quite low, +.00.  Thus the effect on the probability is less than 1%.  
 Model II 
Eleven weather variables are added to model I (Table 5-11 and Table 5-12). They are 
composed of monthly precipitations and monthly degree days for the growing season. The Wald 
test and the Likelihood Ratio test are performed to test the relevance and the significance of 
adding weather variables to the base model (Table 5-13 to 5-16). In Illinois, the results and the 
conclusion differ between the Wald test and the Likelihood Ratio when analyzing the Illinois 
sample when including weather variables. The Wald test indicates that, at .05 level of 
significance, the hypothesis that the respective coefficients of the newly introduced weather 
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variable are all equals to zero cannot be rejected. Thus, weather variables should be dropped and 
Model II should not be used based on the Wald test.  But the opposite conclusion results when 
using the Likelihood Ratio test. Adding these variables significantly improves the overall 
goodness of fit. Additionally, only three of the eleven potential coefficients are significant and 
one result is counter intuitive (August degree days). Furthermore, two of the main model 
coefficients lose significance when including the weather variables. The coefficient relative to 
seed expenditures loses significance and also changes sign when weather variables are added to 
the model; which is problematic. Given the multicollinearity and the conflicting results of the 
test, results of Model II must be interpreted with caution.  
An increase in precipitation in July increases the probability of being a persistent high return 
performer in Illinois. The coefficient is significant at the .01 level. The coefficient value in 
Illinois for July precipitation is +.02, meaning that a marginal increase in July precipitations 
increases by 2% the probability of being a persistently high performing farm. The corresponding 
quadratic term for July precipitation is also of interest. An increase in July precipitation squared 
decreases the probability of being a persistent high performer. This coefficient is significant at 
the .01 level. The coefficient value for  the squared July precipitation is -.00, meaning that a 
marginal increase July precipitations squared decreases by less than 1% the probability of being 
a persistently high performing farm.  
For the Mato Grosso model, the Wald test and the Likelihood ratio test suggest that the 
weather variables do not improve the explanatory power of the model (Table 5-15 and Table 5-
16). 
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Performance Persistence of Efficiency 
 Model I 
This model measures the impact of each of variables on the probability of being a persistent 
efficient performer.  
In Illinois, the most influential variable is machinery expense. A marginal increase above the 
mean significantly decreases the probability a farm will be a persistent efficient performer (Table 
5-11). This coefficient is significant at the .01 level. This was also the case in Mato Grosso; 
significant at the.01 level (Table 5-12). The value of the average marginal effects is also 
important to note.  The effect in the Illinois model is -.21; meaning that a marginal increase in 
machinery expenditure decreases the probability of being a persistent efficient farm by 21%.  For 
Mato Grosso the effect was -27%.  
The second most influential variable in Illinois is fertilizer expenditures. A marginal increase 
in fertilizer expenditure decreases the probability of being a persistent efficient farm. This 
coefficient is significant at .05 level. The value of the fertilizer expenditure coefficient is -.08 
indicating that a marginal increase in fertilizer expenditures decreases the probability of being 
persistently efficient by 8%. This coefficient is not significant in Mato Grosso. 
In Illinois, the two structural variables significantly influence the probability of being 
persistently efficient, the area planted and the ratio of ownership. An increase in area planted 
decreases the probability of being a persistent efficient farm. The coefficient is significant at the 
.01 level. Its coefficient value is -0.00 meaning that a marginal increase in land planted in 
soybean decreases the probability of being a persistent efficient farm by less than 1%. In Mato 
Grosso this coefficient is not significant. In the same way, an increase in ownership ratio 
decreases the probability of being a persistent efficient farm in Illinois. The coefficient on land 
73 
  
ownership is significant at the .05 level and its value is -.00 which denotes that a marginal 
increase in ownership ratio decreases the probability of being a persistent efficient farm.  
In Mato Grosso, the labor expenditure variable is the most influential. A marginal increase in 
labor expenditures decreases the probability of being a persistent efficient performer. This 
coefficient is significant at the .01 level. The coefficient value is -0.33 implying that a marginal 
increase in labor expenditures decreases the probability of being a persistent efficient farm by 
33%. 
 Model II 
In Illinois, after adding the weather variables, the coefficient of SPR becomes significant. 
Only three out of the eleven weather variables are significant. However, the results of the Wald 
test and the Likelihood ratio test suggest that the weather variables improve the explanatory 
power of this extended model 9 (Table 5-11 and Table 5-12). Yet, multicollinearity remains a 
problem and the interpretation must be made cautiously. In Mato Grosso, the results of the Wald 
test and the Likelihood ratio test indicate that the weather variables do not enhance significantly 
the explanation of the probability of being persistently efficient (Table 5-15 and Table 5-16).  
In Illinois, a marginal increase in August precipitations increases the probability of being a 
persistent efficient farm. The coefficient is significant at the .01 level. The coefficient value is 
+0.01 signifying that a marginal increase in August precipitation increase the probability of 
being persistent efficient farm by 1%. The corresponding square term for August precipitations is 
also significant and suggests a significant quadratic relationship. An increase in the August 
precipitation squared decreases the probability of being a persistent efficient farm. This 
coefficient is significant at the .01 level. The coefficient relative to degree days in June is also 
significant. An increase in June degree days increases the probability of being a persistent 
74 
  
efficient farm. This coefficient is significant at the .01 level. The coefficient value is +.01 
implying that a marginal increase in June degree days, hotter days, increases the probability of 
being a persistent efficient farm by 1%.  
Performance Rank Persistence- Low Net Return Farms 
 Model I 
In Illinois, the most influential variable is machinery expenditures (Table 5-11). A marginal 
increase in machinery expenditures increases the probability of being a persistent low return 
farm. This coefficient is significant at .01 level. The value of the coefficient is +0.19 implying 
that a marginal increase in machinery expenditures increases the probability of being a persistent 
low return performer. Surprisingly, variable is not significant in Mato Grosso while it has a 
significant influence in explaining the probability of being a persistent high return farm (Table 5-
12). The second most influential variable in Illinois is fertilizer expenditures. A marginal 
increase in this input expenditure decreases the probability of being a persistent low return farm. 
This coefficient is significant at the .05 level and the coefficient value is +0.29 indicating that a 
marginal increase in fertilizer expenditures decreases the probability of being a persistent low 
return farm by 29%.  
In Illinois, the coefficient on Soil Productivity Ratio is significant at the .01 level. A marginal 
increase in soil productivity level decreases the probability of being a persistent low return 
performer. The value of this coefficient is +0.01 implying that for a marginal increase in soil 
productivity level, the probability of being a persistent low return farm decreases by 1%. In Mato 
Grosso, the proxies of the soil quality (county historical yield variability and county historical 
yield) are not significant. The last significant coefficient variable in Illinois is area planted. It is 
significant at the .01 level. The value of the coefficient relative to the area planted variable is 
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quite low, +0.00 but yet significant. A marginal increase in area planted decreases the probability 
of being a persistent low return performer by less than 1%. In Mato Grosso, the area planted does 
not influence significantly the probability of being a persistent low return farm. 
In Mato Grosso, pesticide expenditures are the second most influential variable. It is 
significant at the .05 level. The coefficient value is +0.21 meaning that a marginal increase in 
pesticide expenditures increases the probability of being a persistent low return performer by 
21%. Lastly, and consistent with Model I with respect to high returns, a marginal increase in the 
price received for soybeans decreases the probability of being a persistent low farm. This 
coefficient is significant at the .05 level. Its coefficient value is -0.00 implying that a marginal 
increase in price received for soybean leads to a decrease in the probability of being a persistent 
low return performer, by less than 1%. 
 Model II 
In Illinois, when added, the eleven weather variables cause the coefficient relative to the soil 
productivity ratio to lose significance while still having a consistent sign. Moreover, only one of 
the added weather variables is significant. Both the Wald test and the Likelihood ratio test 
suggest dropping the weather variables in the model as they are deemed meaningless (Table 5-13 
and Table 5-14). Likewise, in Mato Grosso, the coefficient relative to the weather variables are 
tested, and the results of the Wald test and the Likelihood ratio test imply that the weather 
variable can be omitted at the 5% level (Table 5-15 and Table 5-16).  
Performance Persistence: Inefficient Farms 
 Model I 
In Illinois, the pesticide expenditures variable is the most influential (Table 5-11). A 
marginal increase in pesticide expenditures increases the probability of being a persistently 
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inefficient farm. This coefficient is significant at the .01 level. In Mato Grosso the coefficient on 
pesticide expenditures is significant and also the most influential (Table 5-12). In Illinois, the 
value is +0.30 indicating that a marginal increase in pesticide expenditure increases the 
probability of being a persistently inefficient farm by 30%. In the Brazilian state, the value is 
+0.26 meaning that a marginal increase in pesticide expenditures increases the probability of 
being a persistently inefficient farm by 26%.  
In Illinois, the second most influential variable is seed expenditures. A marginal increase in 
seed expenditures leads to an increase in the probability of being a persistently inefficient farm. 
This coefficient is significant at the .01 level and its value is +0.20 which means that a marginal 
increase in seed expenditure causes an increases of 20% of the probability of being a persistently 
inefficient farm. This coefficient is not significant in Mato Grosso. 
In Illinois, the fertilizer coefficient is significant. A marginal increase in fertilizer 
expenditures increases the probability of being a persistently inefficient performer. This 
coefficient is significant at the .05 level. Its value, +.08, indicates that a marginal increase in 
fertilizer expenditures leads to an 8% increase in the probability of being a persistently 
inefficient performer. 
The last significant coefficient in the Illinois model is the one relative to the area planted in 
soybeans. It is significant at the .05 level. Area planted serves as a proxy variable for farm size. 
A marginal increase in the area planted in soybean decreases the probability of being a persistent 
inefficient farm. Its coefficient value is low at -0.00 which means that a marginal increases in the 
area planted leads to a decrease by less than 1% in the probability of being a persistently 
inefficient farm. This coefficient is not significant in Mato Grosso. 
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Finally in Mato Grosso, the second and last significant coefficient is price received for 
soybeans. Although, the effect is small, -0.00, it is significant at .10. A marginal increase in the 
price received for soybean decreases the probability of being a persistently inefficient farm. 
 Model II 
In Illinois, the weather variables do not improve the initial model since the Wald test and the 
Likelihood ratio test suggest that they can be dropped (Table 5-13 and Table 5-14). In Mato 
Grosso, these two tests have conflicting results (Table 5-15 and Table 5-16). The inclusion of the 
weather variables causes some insignificant coefficients from the initial model to be significant, 
such as fertilizer expenditures and machinery expenditures. In addition, all the coefficients 
relative to degree day variables are significant, and none of the precipitation variables. Moreover, 
multicollinearity adds up to the problems. Findings must be taken cautiously.  The fertilizer 
expenditure coefficient is now significant at the .05 level and its value is +.30. A marginal 
increase in fertilizer expenditures increases the probability of being a persistent by 30%. The 
machinery coefficient is now significant at the .10 level and its value is +.20. A marginal 
increase in machinery expenditures increases the probability of being a persistent performer by 
20%. The interpretation of the degree days variables is difficult but it seems that the last months 
of the growing period matter.  
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VI. Tables and Figures 
Table 5-1 Summary Statistics. Illinois Sample. 2007-2010 Average. 
 
  
Variable Unit Mean
Standard 
Deviation Minimum Maximum
Fertilizer Expenditures USD/ha 103.11 83.22 0.00 586.20
Pesticide* Expenditures USD/ha 82.46 46.47 0.00 468.82
Seed Expenditures USD/ha 113.08 54.40 1.44 591.72
Machinery Expenditures USD/ha 219.57 98.02 0.28 977.75
Labor Expenditures USD/ha 37.30 59.73 -3.87 855.65
Gross Revenue USD/ha 1308.02 323.41 220.68 4716.05
Average Price USD/MT 385.72 70.81 54.19 1263.23
Net Return USD/ha 752.49 342.17 -344.51 4278.70
Yield MT/ha 3.40 0.60 0.92 6.16
Area Planted ha 1518 1069 325 650
Number of Observations 1001
Source : FBFM and author's calculations.
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Table 5-2 Summary Statistics. Mato Grosso Sample. 2007-2010 average 
 
Table 5-3 Direct and Total 2007-2010 average 
 
 
 
 
 
Variable Unit Mean
Standard 
Deviation Minimum Maximum
Fertilizer Expenditures USD/ha 211.46 81.76 62.30 634.26
Pesticide Expenditures USD/ha 147.36 67.43 48.10 392.00
Seed Expenditures USD/ha 46.73 17.13 0.00 109.22
Machinery Expenditures USD/ha 125.49 45.72 44.17 296.12
Labor Expenditures USD/ha 39.04 19.73 4.04 89.07
Gross Revenue USD/ha 884.52 191.15 523.31 1284.61
Average Price USD/MT 295.10 59.00 169.57 399.54
Net Return USD/ha 314.43 182.58 -324.25 829.85
Yield MT/ha 3.24 0.33 1.82 4.04
Area Planted ha 140 109 6 863
Number of Observations 139
Source : Aprosoja Reference Project and author's calculations.
Variable Unit Illinois
Mato 
Grosso
%
difference
Total Direct Expenditures USD/ha 298.65 405.55 -26%
Total Expenditures USD/ha 555.53 570.09 -3%
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Sample Bottom 25% Top 25% Sample Bottom 25% Top 25% Sample Bottom 25% Top 25% Sample Bottom 25% Top 25%
Efficiency score 0.58 0.41 *** 0.76 0.75 0.61 *** 0.90 0.61 0.45 *** 0.79 0.82 0.69 *** 0.94
(0.23)           (0.14)           (0.19)           (0.17)           (0.16)           (0.08)           (0.21)           (0.17)           (0.17)           (0.14)           (0.12)           (0.06)           
Yield 3.34 2.67 *** 3.80 3.36 2.99 *** 3.78            3.29 2.55 *** 3.89 3.62 3.31 *** 3.93
(0.63)           (0.56)           (0.50)           (0.53)           (0.55)           (0.36)           (0.68)           (0.58)           (0.39)           (0.50)           (0.55)           (0.42)           
Soil Productivity Ratio 78.26 69.82 *** 83.19 76.54 71.18 *** 84.22          75.89 66.28 *** 84.18 77.94 75.28 ** 82.70
(12.92)         (14.35)         (9.53)           (15.41)         (17.62)         (11.49)         (15.76)         (17.05)         (10.72)         (12.90)         (13.37)         (12.74)         
Area planted 124 136 114 147 158 125 150 159 132 140 151 99
(92.46)         (111.45)       (97.85)         (118.14)       (129.06)       (80.64)         (113.10)       (118.23)       (89.67)         (109.81)       (123.19)       (81.44)         
Fertilizer expenditures $69.42 $76.34 $68.76 $105.27 $146.61 *** $77.55 $128.23 $177.60 *** $86.32 $113.25 $153.01 *** $93.07
(47.64)         (56.89)         (46.79)         (89.93)         (121.09)       (46.39)         (91.80)         (101.93)       (67.32)         (85.15)         (114.29)       (56.51)         
Pesticide expenditures $68.13 $70.14 $67.65 $82.29 $88.10 $77.24 $93.99 $98.23 ** $74.55 $87.29 $95.03 $84.31
(40.95)         (39.90)         (54.59)         (42.47)         (46.76)         (34.85)         (48.14)         (48.07)         (38.55)         (51.42)         (86.80)         (41.24)         
Seed expenditures $90.73 $101.38 $88.71 $104.26 $120.18 *** $92.00 $124.09 $138.43 *** $109.15 $138.78 $170.92 *** $118.73
(50.16)         (72.18)         (45.01)         (50.80)         (63.21)         (34.35)         (43.99)         (49.27)         (35.50)         (59.78)         (86.80)         (41.24)         
Machinery expenditures $161.96 $184.18 *** $142.09 $233.50 $281.28 *** $188.63 $233.38 $250.85 ** $193.28 $253.37 $316.66 *** $216.35
(72.45)         (78.35)         (77.38)         (95.25)         (123.44)       (68.18)         (101.86)       (105.44)       (62.65)         (96.05)         (112.31)       (71.63)         
Labor expenditure $50.81 $52.43 $46.51 $32.33 $31.45 *** $56.38 $28.54 $31.45 $17.51 $37.20 $73.45 *** $17.31
(47.71)         (53.02)         (45.37)         (63.35)         (107.92)       (27.55)         (42.32)         (47.75)         (25.36)         (77.50)         (136.84)       (9.18)           
Gross Revenue $1,251.79 $920.58 *** $1,644.66 $1,209.73 $1,018.35 *** $1,448.38 $1,247.18 $916.78 *** $1,540.18 $1,560.85 $1,360.62 *** $1,796.22
(377.77)       (163.24)       (503.24)       (235.04)       (228.94)       (160.04)       (305.80)       (215.74)       (254.56)       (230.79)       (236.84)       (170.03)       
Group size 257 65 64 290 73 72 229 58 57 225 57 56
note:  *** p<0.01, ** p<0.05, * p<0.1
All costs in U.S. Dollars per hectare. All quantities in metric tons per hectare.
Source : FBFM and author's calculations.
2009 20102007 2008
Table 5-4 Tukey Kramer Comparison between Top and Bottom Quartiles of Net Returns: Illinois (2007-2010) 
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Sample Bottom 25% Top 25% Sample Bottom 25% Top 25% Sample Bottom 25% Top 25% Sample Bottom 25% Top 25%
Efficiency score 0.91 0.81 *** 1.00 0.93 0.81 *** 1.00 0.91 0.82 *** 1.00 0.90 0.78 *** 1.00
(0.13)           (0.17)           (0.01)           (0.11)           (0.16)           (0.01)           (0.11)           (0.13)           (0.01)           (0.12)           (0.13)           (0.01)           
Yield 3.30 3.22 3.36 3.14 2.75 * 3.38 3.16 2.93 * 3.34            3.38            3.34 3.61
(0.26)           (0.26)           (0.31)           (0.39)           (0.45)           (0.20)           (0.29)           (0.31)           (0.25)           (0.31)           (0.29)           (0.35)           
Area planted 1682 1345 1977 1513 1325 1615 1357 1469 1233 1523 1340 1588
(1,584.64)    (1,822.26)    (1,850.85)    (1,023.48)    (648.24)       (1,570.37)    (716.56)       (731.19)       (902.56)       (705.48)       (649.47)       (1,049.12)    
Fertilizer expenditures $169.72 $203.45 $157.32 $310.77 $365.06 ** $246.04 $185.85 $190.40 $160.63 $186.39 $217.81 ** $155.79
(56.09)         (77.80)         (40.92)         (90.47)         (128.37)       (68.45)         (37.13)         (28.65)         (34.60)         (45.96)         (50.29)         (21.38)         
Pesticides expenditures $125.45 $154.60 $112.14 $193.75 $250.58 * $136.28 $132.42 $175.13 ** $120.20 $141.64 $193.49 ** $105.17
(61.88)         (103.82)       (30.48)         (81.49)         (92.43)         (28.58)         (46.38)         (45.11)         (43.01)         (57.54)         (67.41)         (23.48)         
Seed expenditures $34.53 $47.80 $29.06 $57.44 $61.14 $61.38 $45.94 $47.31 $45.51 $50.23 $52.01 $50.29
(18.95)         (25.05)         (7.42)           (13.82)         (11.61)         (14.21)         (12.06)         (10.21)         (14.90)         (14.81)         (6.33)           (9.84)           
Machinery expenditures $122.37 $152.50 * $115.01 $155.70 $171.94 ** $137.40 $109.72 $107.84 $93.55 $116.39 $151.75 * $102.97
(42.97)         (62.73)         (22.12)         (37.23)         (30.35)         (36.38)         (36.36)         (44.37)         (23.81)         (52.88)         (80.17)         (28.23)         
Labor expenditures $38.53 $37.95 $42.05 $48.41 $39.05 $50.04 $32.60 $36.59 $24.18 $37.43 $40.36 $35.07
(19.21)         (22.02)         (24.64)         (22.50)         (14.84)         (30.27)         (16.06)         (20.75)         (15.85)         (18.38)         (19.24)         (21.81)         
Gross Revenue $832.58 $743.95 *** $1,004.84 $1,081.35 $921.62 *** $1,154.68 $693.16 $627.58 *** $751.69 $958.89 $888.39 *** $1,096.29
(145.87)       (140.97)       (115.71)       (140.78)       (137.78)       (88.02)         (76.17)         (85.42)         (56.76)         (130.05)       (140.91)       (104.69)       
Group Size 36               9                 9                 33               8                 9                 33               10               9                 33               9                 8                 
note:  *** p<0.01, ** p<0.05, * p<0.1
All costs in U.S. Dollars per hectare. All quantities in metric tons per hectare. 
Source : Source : Aprosoja Project Reference and author's calculations.
20102007 2008 2009
Table 5-5 Tukey Kramer Comparison between Top and Bottom Performing Quartiles of Net Returns: Mato Grosso (2007-2010) 
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Comparison of farms with Eff>0.97 and eff<0.97
Sample Eff<0.97 Eff>=0.97 Sample Eff<0.97 Eff>=0.97 Sample Eff<0.97 Eff>=0.97 Sample Eff<0.97 Eff>=0.97
Efficiency score 0.58 0.52 *** 0.99 0.75 0.68 *** 0.99 0.61 0.54 *** 0.99 0.82 0.77 *** 0.99
(0.23)           (0.17)           (0.00)           (0.17)           (0.12)           (0.01)           (0.21)           (0.15)           (0.00)           (0.14)           (0.11)           (0.00)           
Yield 3.34 3.33 3.37 3.36 3.32 *** 3.55            3.29 3.27 3.41 3.62 3.59 ** 3.73
(0.63)           (0.64)           (0.55)           (0.53)           (0.50)           (0.63)           (0.68)           (0.68)           (0.70)           (0.50)           (0.49)           (0.52)           
Soil Productivity Ratio 78.26 77.71 * 82.13 76.54 75.20 *** 81.98          75.89 75.09 * 80.64 77.94 76.57 *** 82.74
(12.92)         (13.03)         (11.56)         (15.41)         (15.45)         (14.11)         (15.76)         (16.08)         (12.89)         (12.90)         (12.72)         (12.49)         
Area planted 124 131 *** 69 147 158 *** 102 150 157 *** 101 140 151 *** 99
(92.46)         (93.91)         (57.68)         (118.14)       (123.70)       (69.17)         (113.10)       (115.72)       (80.35)         (109.81)       (115.70)       (74.24)         
Fertilizer expenditures $69.42 $72.16 *** $49.50 $105.27 $106.09 $101.13 $128.23 $133.98 ** $91.54 $113.25 $125.20 *** $65.45
(47.64)         (46.56)         (51.36)         (89.93)         (82.77)         (120.74)       (91.80)         (91.10)         (89.10)         (85.15)         (86.38)         -0.48 (60.36)         
Pesticide expenditures $68.13 $70.42 ** $51.43 $82.29 $86.20 *** $62.58 $93.99 $97.76 *** $69.93 $87.29 $91.53 ** $70.31
(40.95)         (41.13)         (35.99)         (42.47)         (40.44)         (47.22)         (48.14)         (44.04)         (64.66)         (51.42)         (53.42)         (38.53)         
Seed expenditures $90.73 $92.81 * $75.60 $104.26 $106.41 * $93.39 $124.09 $129.39 *** $90.29 $138.78 $146.39 *** $108.34
(50.16)         (50.24)         (47.60)         (50.80)         (40.73)         (84.95)         (43.99)         (41.46)         (45.30)         (59.78)         (59.40)         (51.54)         
Machinery expenditures $161.96 $166.64 *** $127.80 $233.50 $237.98 $210.91 $233.38 $239.13 ** $196.67 $253.37 $261.97 ** $261.97
(72.45)         (69.34)         (85.79)         (95.25)         (89.16)         (120.01)       (101.86)       (100.17)       (103.28)       (96.05)         (96.67)         (86.27)         
Labor expenditure $50.81 $53.87 *** $28.47 $32.33 $31.93 $34.34 $28.54 $31.43 *** $10.09 $37.20 $42.40 ** $16.39
(47.71)         (45.81)         (55.67)         (63.35)         (54.97)         (95.82)         (42.32)         (43.76)         (25.09)         (77.50)         (83.79)         (38.21)         
Gross Revenue $1,251.79 $1,226.59 *** $1,435.47 $1,209.73 $1,184.69 *** $1,335.97 $1,247.18 $1,228.34 ** $1,367.52 $1,560.85 $1,542.60 *** $1,633.82
(377.77)       (303.03)       (699.58)       (235.04)       (211.05)       (302.95)       (305.80)       (281.51)       (415.90)       (230.79)       (208.46)       (295.94)       
Group Size 257 225 32 290 233 57 229 198 31 225 180 45
note:  *** p<0.01, ** p<0.05, * p<0.1
All costs in U.S. Dollars per hectare. All quantities in metric tons per hectare.
Source : FBFM and author's calculations.
20102007 2008 2009
Table 5-6 Tukey Kramer Comparison between Efficient and Inefficient Farms: Illinois (2007-2010) 
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Sample Eff<0.97 Eff>=0.97 Sample Eff<0.97 Eff>=0.97 Sample Eff<0.97 Eff>=0.97 Sample Eff<0.97 Eff>=0.97
Efficiency score 0.91 0.78 ** 0.99 0.93 0.83 ** 1.00 0.91 0.82 ** 0.99 0.90 0.78 ** 0.99
(0.13)           (0.10)           (0.01)           (0.11)           (0.12)           (0.01)           (0.11)           (0.08)           (0.01)           (0.12)           (0.09)           (0.01)           
Yield 3.30 3.28 3.31 3.14 2.94 ** 3.27 3.16 3.04 ** 3.27            3.38            3.30 3.44
(0.26)           (0.27)           (0.25)           (0.39)           (0.43)           (0.32)           (0.29)           (0.33)           (0.23)           (0.31)           (0.33)           (0.30)           
Area planted 1682 1506 1794 1513 1357 1614 1357 1506 1216 1523 1478 1560
(1,584.64)    (1,410.03)    (1,739.69)    (1,023.48)    (650.40)       (1,291.79)    (716.56)       (652.24)       (764.50)       (705.48)       (485.15)       (910.06)       
Fertilizer expenditures $169.72 $188.97 $157.47 $310.77 $333.70 $295.87 $185.85 $189.86 $182.06 $186.39 $198.75 $176.09
(56.09)         (57.31)         (53.66)         (90.47)         (57.97)         (111.58)       (37.13)         (31.34)         (42.86)         (45.96)         (46.16)         (36.41)         
Pesticides expenditures $125.45 $129.33 $122.98 $193.75 $222.78 * $174.88 $132.42 $145.66 * $119.87 $141.64 $158.20 $127.84
(61.88)         (62.44)         (62.88)         (81.49)         (89.37)         (52.28)         (46.38)         (42.23)         (45.01)         (57.54)         (60.32)         (46.19)         
Seed expenditures $34.53 $34.63 $34.46 $57.44 $57.72 $57.25 $45.94 $47.55 $44.41 $50.23 $50.77 $49.78
(18.95)         (11.46)         (23.61)         (13.82)         (12.48)         (14.56)         (12.06)         (9.55)           (14.47)         (14.81)         (15.83)         (11.66)         
Machinery expenditures $122.37 $130.11 $117.44 $155.70 $171.15 * $145.65 $109.72 $114.87 $104.84 $116.39 $140.07 ** $96.65
(42.97)         (28.28)         (51.70)         (37.23)         (26.65)         (43.36)         (36.36)         (30.73)         (41.14)         (52.88)         (59.30)         (36.52)         
Labor expenditures $38.53 $42.45 $36.04 $48.41 $51.40 $46.47 $32.60 $38.10 ** $27.38 $37.43 $43.65 * $32.25
(19.21)         (15.51)         (21.48)         (22.50)         (20.26)         (24.73)         (16.06)         (16.98)         (12.96)         (18.38)         (17.15)         (18.11)         
Gross Revenue $832.58 $786.59 $861.84 $1,081.35 $1,009.03 ** $1,128.37 $693.16 $663.54 ** $721.22 $958.89 $905.38 ** $1,003.48
(145.87)       (130.90)       (155.33)       (140.78)       (159.67)       (115.85)       (76.17)         (83.12)         (63.95)         (130.05)       (132.08)       (128.17)       
Group Size 36               16               20               33               16               17               37               20               17               33               18               15               
note:  *** p<0.01, ** p<0.05, * p<0.1
All costs in U.S. Dollars per hectare. All quantities in metric tons per hectare. 
Source : Source : Aprosoja Project Reference and author's calculations.
2007 2008 2009 2010
Table 5-7  Tukey Kramer Comparison between Efficient and Inefficient Farms: Mato Grosso (2007-2010) 
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Table 5-8 Correlation Matrix. Net Returns and Efficiency Score: Illinois 
 
Table 5-9 Correlation Matrix. Net Returns and Efficiency Score: Mato Grosso 
 
Table 5-10 Persistence of Efficiency and Returns: an Illinois Example. 
 
 
 
 
Net Returns Efficiency Score
Net Returns 1
Efficiency Score 0.66 1
Net Returns Efficiency Score
Net Returns 1
Efficiency Score 0.56 1
Farm ID Year County Returns
Quartile 
Returns
Persistent 
Good 
Performer
Efficiency 
Score
Persistent 
Efficient 
Performer
Fertilizer 
Expenditures
Pesticide 
Expenditures
Seed 
Expenditu
res
Quartile 
Direct Input 
Expenditures
Labor 
Expenditures
Machinery 
Expenditures
Quartile  
Indirect 
Expenditures
Area
Soil 
Productivity 
Ratio
Yield
F102101
2007 1154.9 4 1.0 35.0 15.2 80.3 1 21.1 106.6 1 59.2 94 3.6
2008 906.9 4 1.0 56.5 23.1 105.8 1 0.0 114.9 1 51.2 94 3.3
2009 1055.6 4 1.0 81.8 90.8 128.5 1 0.0 130.0 1 55.2 94 4.1
2010 1035.6 3 0.9 105.8 59.9 182.1 2 0.0 143.3 1 51.2 94 3.9
	
F10408101
2007 893.5 3 0.9 62.1 55.0 62.1 1 131.4 133.1 2 107.6 84 3.61
2008 678.6 3 0.8 37.7 106.8 132.0 2 143.9 241.2 2 137.6 84 3.66
2009 830.8 3 1.0 114.6 140.2 109.7 2 144.8 235.5 2 123.6 84 4.08
2010 917.4 2 0.9 79.4 142.3 83.7 2 166.5 259.9 2 136 84 4.10
Champaign
Champaign
YES
YES
YES
NO
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Table 5-11 Average Marginal Effects: Illinois 
 
 
Explanatory variable
I II I II
Ratio Fertilizer -0.00 0.01 -0.08 ** -0.10 *** -0.10 ** -0.11 *** 0.08 * 0.11 *
(0.03) (0.04) (0.03) (0.03) (0.04) (0.04) (0.04) (0.06)
Ratio Pesticide -0.07 * -0.01 -0.21 *** -0.22 *** 0.04 0.04 0.30 *** 0.46 ***
(0.04) (0.04) (0.04) (0.04) (0.05) (0.05) (0.05) (0.09)
Ratio Seed -0.16 *** 0.01 -0.01 0.10 * -0.03 0.01 0.20 *** 0.28 ***
(0.05) (0.06) (0.05) (0.06) (0.06) (0.07) (0.07) (0.10)
Ratio Labor 0.04 *** 0.04 *** 0.01 0.01 0.01 0.02 0.01 0.01
(0.01) (0.01) (0.01) (0.01) (0.02) (0.02) (0.02) (0.02)
Ratio Machinery -0.34 *** -0.51 *** -0.06 -0.06 0.19 *** 0.17 *** 0.03 0.01
(0.06) (0.08) (0.05) (0.04) (0.06) (0.06) (0.07) (0.10)
Area Planted 0.00 -0.00 0.00 *** 0.00 *** 0.00 *** 0.00 *** 0.00 *** 0.00 ***
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
Proportion Ownership 0.00 *** 0.00 ** 0.00 ** 0.00 *** 0.00 0.00 0.00 0.00
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
SPR 0.01 *** 0.01 *** 0.00 0.01 *** -0.01 *** -0.00 0.00 ** -0.00
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
Historical Yield -0.08 0.01 -0.09 -0.02 0.00 0.05 0.09 0.14
(0.06) (0.06) (0.06) (0.06) (0.06) (0.06) (0.07) (0.11)
May Precipitation 0.00 -0.00 -0.00 -0.00
(0.00) (0.00) (0.00) (0.00)
June Precipitation -0.00 -0.00 0.00 0.01
(0.00) (0.00) (0.00) (0.00)
June Precipitation sq -0.00 0.00 -0.00 -0.00
(0.00) (0.00) (0.00) (0.00)
July Precipitation 0.02 *** 0.00 -0.01 -0.01 *
(0.01) (0.00) (0.00) (0.00)
July Precipitation sq 0.00 *** -0.00 0.00 0.00 **
(0.00) (0.00) (0.00) (0.00)
August Precipitation 0.01 0.01 *** 0.01 -0.01 *
(0.01) (0.00) (0.01) (0.01)
August Precipitation sq -0.00 0.00 *** -0.00 0.00
(0.00) (0.00) (0.00) (0.00)
Degree Days in May -0.00 -0.00 -0.00 0.00
(0.00) (0.00) (0.00) (0.00)
Degree Days in June 0.00 0.01 *** 0.01 ** -0.00
(0.00) (0.00) (0.00) (0.00)
Degree Days in July -0.00 -0.00 -0.00 0.00
(0.00) (0.00) (0.00) (0.00)
Degree Days in August 0.01 * 0.00 0.00 -0.00
(0.00) (0.00) (0.00) (0.00)
McFadden R2 0.478 0.676 0.337 0.532 0.201 0.256 0.281 0.327
Count R2 0.887 0.935 0.887 0.931 0.842 0.863 0.770 0.794
Number of Observations 291 291 291 291 291 291 291 291
note:  *** p<0.01, ** p<0.05, * p<0.1
Coefficient
(Standard Error)
Coefficient
(Standard Error)
Coefficient
(Standard Error)
Coefficient
(Standard Error)
Models
Model 
Persistent High Return
Model 
Persistent Efficient
Model
 Persistent Efficient
Model 
Persistent Efficient
I II I II
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Table 5-12 Average Marginal Effects: Mato Grosso 
Explanatory variables
I II I II I II
Ratio Fertilizer -0.04 -0.01 -0.25 -0.24 0.29 ** 0.30 ** 0.24 0.30 **
(0.14) (0.14) (0.16) (0.15) (0.14) (0.13) (0.15) (0.15)
Ratio Pesticide -0.30 *** -0.27 *** -0.27 *** -0.29 *** 0.21 ** 0.20 ** 0.26 *** 0.21 **
(0.10) (0.10) (0.09) (0.10) (0.09) (0.09) (0.09) (0.10)
Ratio Seed -0.14 -0.15 0.15 0.12 0.07 0.06 -0.17 -0.13
(0.11) (0.10) (0.13) (0.12) (0.10) (0.10) (0.13) (0.12)
Ratio Labor -0.09 -0.09 -0.33 *** -0.33 *** 0.01 -0.01 0.12 0.08
(0.08) (0.07) (0.08) (0.08) (0.08) (0.09) (0.08) (0.08)
Ratio Machinery -0.29 ** -0.29 *** -0.10 -0.19 0.07 0.12 0.11 0.20* *
(0.13) (0.10) (0.12) (0.12) (0.11) (0.12) (0.12) (0.12)
Area Planted -0.00 0.00 * 0.00 0.00 -0.00 -0.00 -0.00 -0.00
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
Historical Yield Variability -2.41 -2.33 * 0.71 0.96 1.94 2.30 0.30 -0.21
(1.28) (1.14) (1.33) (1.40) (1.18) (1.19) (1.31) (1.35)
Historical Yield 0.69 ** 0.73 0.40 0.53 -0.06 0.16 -0.50 -0.41
(0.29) (0.46) (0.31) (0.41) (0.30) (0.37) (0.32) (0.37)
Average Price 0.00 * 0.01 0.00 0.00 *** 0.00 * 0.00 *** 0.00 * 0.00 ***
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
November Precipitation -0.00 0.00 -0.00 -0.00
(0.00) (0.00) (0.00) (0.00)
December Precipitation 0.00 -0.00 0.00 0.00
(0.00) (0.00) (0.00) (0.00)
December Precipitation sq 0.00 0.00 -0.00 -0.00
(0.00) (0.00) (0.00) (0.00)
January Precipitation 0.01 *** 0.00 -0.01 ** 0.00
(0.00) (0.00) (0.00) (0.00)
January Precipitation sq 0.00 *** 0.00 0.00 ** 0.00
(0.00) (0.00) (0.00) (0.00)
February Precipitation -0.00 0.00 0.01 -0.00
(0.00) (0.00) (0.00) (0.00)
February Precipitation sq -0.00 -0.00 -0.00 0.00
(0.00) (0.00) (0.00) (0.00)
Degree Days in November -0.01 -0.02 ** -0.00 0.02 **
(0.01) (0.01) (0.01) (0.01)
Degree Days in December 0.02 ** 0.02 *** -0.01 -0.02 ***
(0.01) (0.01) (0.01) (0.01)
Degree Days in January -0.02 ** -0.01 ** 0.00 0.01 **
(0.01) (0.01) (0.01) (0.01)
Degree Days in February 0.01 0.02 *** 0.00 -0.01 **
(0.01) (0.01) (0.01) (0.01)
McFadden R2 0.203 0.447 0.173 0.258 0.132 0.247 0.115 0.239
Count R2 0.763 0.842 0.719 0.763 0.763 0.799 0.676 0.770
Number of Observations 139 139 139 139 139 139 139 139
note:  *** p<0.01, ** p<0.05, * p<0.1
Coefficient
(Standard Error)
Coefficient
(Standard Error)
Coefficient
(Standard Error)
Coefficient
(Standard Error)
Models
Model 
Persistent High Return
Model 
Persistent Efficient
Model 
Persistent Low Return
Model 
Persistent Inefficient
I II
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Table 5-13 Post Estimation Likelihood Ratio Test: Illinois 
 
Table 5-14 Wald Test on Weather Coefficients: Illinois 
 
 
Persistent
 High Returns
Persistent 
Efficient
Persistent
 Low Returns
Persistent 
Inefficient
Chi2(12) 54.08 50.60 16.12 17.81
Prob>Chi2 0.00 0.00 0.19 0.12
Ho: The simple model is a subset of the extended model 
Test
Models
Likelihood Ratio Test
  (I)vs(II)
Persistent
 High Returns
Persistent 
Efficient
Persistent
 Low Returns
Persistent 
Inefficient
Chi2(12) 18.98 24.54 9.55 15.03
Prob>Chi2 0.09 0.02 0.65 0.24
Ho: The coefficient estimates relative to the weather variables are not different from 0
Test
Models
Wald Test
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Table 5-15 Post Estimation Likelihood Ratio Test: Mato Grosso 
 
 
Table 5-16 Wald Test on Weather Coefficients Mato Grosso 
 
  
Persistent
 High Returns
Persistent 
Efficient
Persistent
 Low Returns
Persistent 
Inefficient
Chi2(12) 38.30 16.31 19.29 21.95
Prob>Chi2 0.13 0.13 0.07 0.02
Ho: The simple model is a subset of the extended model 
Test
Models
Likelihood Ratio Test
  (I)vs(II)
Persistent
 High Returns
Persistent 
Efficient
Persistent
 Low Returns
Persistent 
Inefficient
Chi2(12) 16.78 13.02 14.33 15.62
Prob>Chi2 0.11 0.29 0.22 0.15
Ho: The coefficient estimates relative to the weather variables are not different from 0
Test
Models
Wald Test
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 Conclusion Chapter 6.
The primary objective of this thesis is to better understand the phenomena of performance 
persistence, which is essential to the proper valuation of agricultural investments. In Illinois, 
62% of the sample is considered as non-persistent in terms of returns over the four years of 
study. In Brazil, the proportion is even higher at 75%.  
The lack of performance persistence hides the actual performance of the farm with respect to 
its peers. Thus the usual business valuation method calculating the discounted cash flows based 
on historical returns provides only a small explanation of the real performance of a farm 
business. Two issues are at play, the first is that the common practice of peer comparisons can be 
difficult in agricultural settings due simply to the lack of data, or if there are data, different 
financial and production accounting methodologies may exist across businesses.  FBFM and the 
Reference Project reflect, in some sense, artificial settings where the respective organizations 
have explicitly assembled peer comparables and have worked hard to formalize and homogenize 
financial and production data collection methodologies. As a result persistence analysis and peer 
comparisons are possible. Such practice is not common though in most agricultural investment 
environments, especially in developing countries. Therefore the second and important objective 
is to analyze the characteristics and differences of high performing farms and low performing 
farms with respect to returns and efficiency based on cost management data, and environmental 
variables in order to understand what dimensions are critical for high returns and efficiency. This 
is achieved by performing statistical tests of comparing the means of several variables between 
the first and the bottom quartile of the annual distribution as well as comparing the means of 
these same variables between farms deemed efficient and farm considered inefficient.  The 
profiles of successful farms differ between the two samples. High return farms in Illinois have 
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significantly better soil quality (measured by the Soil Productivity Ratio) which then translates to 
a higher yield potential. Ultimately, these successful farms get a significantly higher soybean 
yield. In Brazil this difference is significant, but only for two years. Managing pesticide 
expenditure is essential in Mato Grosso while in Illinois managing the fertilization is more 
critical for preserving returns. Moreover, in Illinois high return farms exhibit significantly lower 
seed expenditures; this implies that there is inefficiency in the price paid relative to the actual 
realized yield. Furthermore, for both Illinois and Mato Grosso good performers with respect to 
returns are better managers of machinery expenses. In terms of efficiency, farms falling in the 
efficient category have significantly higher soil quality in Illinois and not surprisingly tend to 
have higher yield.  
For the Brazilian sample, given the small size of the sample and the clustering of the data 
finding differences between efficient and inefficient farms is more challenging. In terms of input 
management, the efficient farms control all their costs significantly better than their inefficient 
peers. Interestingly, in Illinois, poor performing farms, in terms of both efficiency and returns, 
seem to underuse labor. Comparing the two measures of performance leads to the conclusion that 
efficient farms may not be the top performing ones in returns; and nor are the bottom performing 
farms, necessarily the least efficient. This is due to the construction of the efficiency measure. 
Indeed, since efficiency is calculated based on the best achieved output (revenue) with the 
minimum input. For instance, a farm with comparable revenue but who was forced to use more 
fungicide due to a high infestation to protect its yield will be penalized in its efficiency score. 
The second and most important objective is to analyze the drivers of the persistence of these 
two measures of performance across four years. Farms are grouped into persistent and non-
persistent categories with respect to efficiency and returns. A logit model is then used to quantify 
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the influence of each dimension of soybean farming on the probability of being persistent in each 
of the two measures of performance. To fall in the persistent high return category, managing 
machinery expenditures is critical in both samples. Another common significant predictor in the 
two samples is soil quality which would improve the yield potential and therefore the resulting 
revenue. In terms of direct input cost management, in Illinois, over paying for seed reduces the 
likelihood of persistent good returns. This implies that farms paying a premium for some 
varieties do not get a significant improvement in returns through better yields.  
In Mato Grosso, the recurring factor affecting the persistence of returns and efficiency are 
pesticide expenditures.  Regarding marketing, persistence of good performance is positively 
influenced by a better price which underlies the wide range in price received by farmers when 
they sell soybeans in the Brazilian state. Concerning farm structure, in Illinois increasing farm 
size decreases the probability of being a persistently good performer. This relationship is small 
as the coefficient is below 0.00 but still significant. Finally, the weather variables showed mixed 
performance mainly due to the multicollinearity but it seems that precipitation in the last two 
months before harvest influence the probability of being persistent in good returns. 
Limitations and Further Research 
These results motivate the importance of comparables and rank analysis for farm business 
investors.   Micro comparable data though allowing rank and persistence analysis though can be 
difficult to obtain.   Relying solely on single farm, or comparisons to state averages provides 
omits key components of a proper farm business valuation. In Brazil, finding reliable micro level 
data used to be a challenge but commitment of agencies, farmers association, and institutional 
bodies is encouraging on this topic. The database used in this research is rather small but there 
are good hopes that it will increase in number of observations and also in stability. Aprosoja, the 
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corn and soybean association of Mato Grosso would benefit in improved policymaking from an 
improved and more stable Reference Project data set. Farms in both Mato Grosso and Illinois 
reflect the enormous differences in practices and results across farm businesses.  Thus analytical 
methods such as DEA and multivariate regression are sensitive to sample size under conditions 
of high levels of heterogeneity.   
 This analysis provides insights from two different samples and shows both similarities and 
differences in the drivers of persistence and rank.  Analyzing the comparative performance of a 
farm will bring greater insights as to the real value of a particular farm business. Comparison 
analysis and the use of rank are especially critical for agricultural investors because the range of 
practice across farms is so great. There are clearly numerous ways to be efficient or a high 
returns performer. The challenge of course is the ability to obtain detailed micro data across 
relevant comparables and over a relevant timeframe.  Agricultural production practices are not 
necessarily consistent across short time periods and often vary due to temporal factors.  This 
study covered four years, a relatively short time period.  
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Appendix A  
Annual Summary Statistics Mato Grosso 
 Year : 2007
Sample size: 36 Mean
Standard 
Deviation Minimum Maximum
Fertilizer Expenditures $169.72 $56.09 $62.30 $319.42
Pesticide* Expenditures $125.45 $61.88 $61.57 $317.65
Seed Expenditures $34.53 $18.95 $0.00 $88.05
Total Direct Input Expenditures $329.70 $109.86 $223.87 $722.36
Machinery Expenditures $122.37 $42.97 $56.97 $296.12
Labor Expenditures $38.53 $19.21 $12.61 $87.17
Total Listed Costs $490.60 $117.60 $342.00 $931.70
Gross Revenue $832.58 $145.87 $554.79 $1,261.20
Return over Total Listed Expenditures $341.98 $158.30 $44.96 $731.68
Year: 2008
Sample size: 33 Mean
Standard 
Deviation Minimum Maximum
Fertilizer Expenditures $310.77 $90.47 $104.62 $634.26
Pesticide* Expenditures $193.75 $81.49 $66.28 $392.00
Seed Expenditures $57.44 $13.82 $38.54 $84.83
Total Direct Input Expenditures $561.96 $126.76 $354.95 $815.26
Machinery Expenditures $155.70 $37.23 $75.99 $235.19
Labor Expenditures $48.41 $22.50 $7.83 $89.07
Total Listed Costs $766.07 $129.73 $462.06 $985.86
Gross Revenue $1,081.35 $140.78 $642.78 $1,280.35
Return over Total Listed Expenditures $315.29 $211.21 ($324.25) $593.31
Year: 2009
Sample size: 37 Mean
Standard 
Deviation Minimum Maximum
Fertilizer Expenditures $185.85 $37.13 $111.60 $263.32
Pesticide* Expenditures $132.42 $46.38 $48.10 $219.16
Seed Expenditures $45.94 $12.06 $24.39 $79.39
Total Direct Input Expenditures $364.21 $53.86 $253.94 $485.80
Machinery Expenditures $109.72 $36.36 $44.17 $214.50
Labor Expenditures $32.60 $16.06 $4.04 $78.68
Total Listed Costs $506.52 $66.17 $406.24 $690.82
Gross Revenue $693.16 $76.17 $523.31 $850.32
Return over Total Listed Expenditures $186.64 $97.45 ($63.26) $411.22
Year: 2010
Sample size: 33 Mean
Standard 
Deviation Minimum Maximum
Fertilizer Expenditures $186.39 $45.96 $102.29 $304.80
Pesticide* Expenditures $141.64 $57.54 $66.91 $287.32
Seed Expenditures $50.23 $14.81 $24.12 $109.22
Total Direct Input Expenditures $378.26 $98.08 $234.84 $636.89
Machinery Expenditures $116.39 $52.88 $46.23 $277.43
Labor Expenditures $37.43 $18.38 $11.76 $80.12
Total Listed Costs $532.08 $128.53 $374.28 $972.48
Gross Revenue $958.89 $130.05 $672.25 $1,284.61
Return over Total Listed Expenditures $426.81 $168.20 $62.20 $829.85
*includes herbicides, insecticides and fungicides
All costs in U.S. Dollars per hectare. All quantities in metric tons per hectare. 
Source : Projeto Referencia Panel from Aprosoja and author's calculations.
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Appendix B  
Histograms Variables Mato Grosso  
Figure. B-1 Fertilizer Expenditures. (2007-2010) 
 
Figure. B-2 Pesticide Expenditures. (2007-2010) 
 
 
 
 
 
Average CV=0.27 
Average CV=0.42 
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Figure. B-3 Seed Expenditures: Mato Grosso (2007-2010) 
 
 
Figure. B-4 Labor Expenditures: Mato Grosso (2007-2010) 
 
 
 
 
 
 
Average CV=0.49 
Average CV=0.33 
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Figure. B-5 Machinery Expenditures: Mato Grosso (2007-2010) 
 
 
Figure. B-6 Gross Revenue: Mato Grosso (2007-2010) 
 
 
 
 
 
 
 
Average CV=0.34 
Average CV=0.13 
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Figure. B-7 Net Returns: Mato Grosso (2007-2010) 
 
Figure. B-8 Area Planted in Soybean: Mato Grosso (2007-2010) 
 
 
 
 
 
 
 
 
 
 
Average CV=0.51 
Average CV=0.65 
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Figure. B-9 Yield: Mato Grosso (2007-2010) 
Average CV=0.10 
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Appendix C  
Annual Summary Statistics for Illinois 
 Year : 2007
Sample size: 257 Mean
Standard 
Deviation Minimum Maximum
Fertilizer Expenditures $69.42 $47.64 $0.00 $240.59
Pesticide* Expenditures $68.13 $40.95 $0.00 $407.42
Seed Expenditures $90.73 $50.16 $3.18 $591.72
Total Direct Input Expenditures $228.29 $87.77 $22.48 $775.00
Machinery Expenditures $161.96 $72.45 $0.28 $560.29
Labor Expenditures $50.81 $47.71 $0.00 $310.54
Total Listed Costs $441.05 $130.61 $26.94 $1,138.64
Gross Revenue $1,251.79 $377.77 $571.44 $4,716.05
Return over Total Listed Expenditures $810.74 $374.55 $207.74 $4,278.70
 Year : 2008
Sample size: 290 Mean
Standard 
Deviation Minimum Maximum
Fertilizer Expenditures $105.27 $89.93 $0.00 $572.73
Pesticide* Expenditures $82.29 $42.47 $0.00 $264.58
Seed Expenditures $104.26 $50.80 $1.44 $470.95
Total Direct Input Expenditures $291.82 $118.81 $76.89 $948.76
Machinery Expenditures $233.50 $95.25 $10.04 $727.96
Labor Expenditures $32.33 $63.35 $0.00 $593.24
Total Listed Costs $557.66 $177.47 $169.61 $1,552.44
Gross Revenue $1,209.73 $235.04 $272.70 $1,956.29
Return over Total Listed Expenditures $652.07 $267.76 ($344.51) $1,451.11
 Year : 2009
Sample size: 229 Mean
Standard 
Deviation Minimum Maximum
Fertilizer Expenditures $128.23 $91.80 $0.00 $410.11
Pesticide* Expenditures $93.99 $48.14 $0.00 $342.21
Seed Expenditures $124.09 $43.99 $5.03 $287.69
Total Direct Input Expenditures $346.32 $114.42 $49.93 $706.08
Machinery Expenditures $233.38 $101.86 $21.54 $977.75
Labor Expenditures $28.54 $42.32 $0.00 $258.26
Total Listed Costs $608.24 $165.06 $195.17 $1,254.71
Gross Revenue $1,247.18 $305.80 $220.68 $2,652.32
Return over Total Listed Expenditures $638.94 $347.45 ($234.04) $2,402.28
 Year : 2010
Sample size: 225 Mean
Standard 
Deviation Minimum Maximum
Fertilizer Expenditures $113.25 $85.15 $0.00 $586.20
Pesticide* Expenditures $87.29 $51.42 $0.35 $468.82
Seed Expenditures $138.78 $59.78 $15.24 $497.84
Total Direct Input Expenditures $339.32 $127.43 $117.49 $1,050.47
Machinery Expenditures $253.37 $96.05 $5.86 $740.64
Labor Expenditures $37.20 $77.50 $0.00 $855.65
Total Listed Costs $629.90 $184.09 $290.80 $1,590.67
Gross Revenue $1,560.85 $230.79 $532.93 $2,393.21
Return over Total Listed Expenditures $930.95 $291.28 ($185.53) $1,778.46
*includes herbicides, insecticides and fungicides
All costs in U.S. Dollars per hectare.
Source : FBFM and author's calculations.
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Appendix D  
Histograms of Variables Illinois 
Figure. D-1 Fertilizer Expenditures: Illinois (2007-2010) 
 
 
Figure. D-2 Pesticide Expenditures: Illinois (2007-2010) 
 
 
 
 
Average CV = 0.75 
Average CV = 0.55 
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Figure. D-3 Machinery Expenditures: Illinois (2007-2010) 
 
 
Figure. D-4 Labor Expenditures: Illinois (2007-2010) 
 
 
 
 
 
 
 
Average CV = 0.45 
Average CV = 1.61 
111 
  
Figure. D-5 Machinery Expenditures: Illinois (2007-2010) 
 
 
Figure. D-6 Gross Revenue: Illinois (2007-2010) 
 
 
 
 
 
 
 
Average CV = 0.41 
Average CV = 0.22 
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Figure. D-7 Net Returns: Illinois (2007-2010) 
 
Figure. D-8 Soil Productivity Ratio: Illinois (2007-2010) 
 
 
 
 
 
 
 
 
Average CV = 0.43 
Average CV = 0.18 
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Figure. D-9 Ownership Ratio: Illinois (2007-2010) 
 
 
Figure. D-10 Area Planted in Soybean: Illinois (2007-2010) 
 
 
 
 
 
 
 
Average CV = 0.77 
Average CV = 1.10 
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Figure. D-11 Yield: Illinois (2007-2010) 
 
 
Average CV = 0.17 
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Appendix E  
 
GAMS CODE FOR EFFICIENCY CALCULATION BCC OUTPUT ORIENTED 
 
option limrow=0; 
option limcol=0; 
 
 
sets i "units" 
/ **** LIST OF ALL DATA GENERATING UNITS I.E FARM IDs**** 
 / 
 
 j     'inputs and outputs' /i_fertha, i_herbha,  i_seedha,  i_laborha, i_machineryha,        
o_revenueha/ 
 ji(j) 'inputs'             /i_fertha, i_herbha,        i_seedha,        i_laborha,        i_machineryha/ 
 jo(j)            'outputs' /o_revenueha/; 
 
table data(i,j) 
$ondelim 
$include "C:\Users\Laurent Cambier\Desktop\dataIL_2007.csv" 
$offdelim ; 
 
display data; 
 
parameter x(ji,i) 'inputs of dmu j0';  x(ji,i)=data(i,ji); 
parameter y(jo,i) 'outputs of dmu j0'; y(jo,i)=data(i,jo); 
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alias(i,i0); 
 
Variables 
 theta(i0) 'efficiency for i0-th DMU' 
 Z         'sum of efficiencies'; 
*------------------------------------------------------------------------------ 
* Input  oriented Cste Returns to Scale /CCR and VariableReturns to Scale /BCC 
*------------------------------------------------------------------------------ 
positive variable 
lambda(i0,i); 
 
equations 
objective 
input1(i0,jo) 
input2(i0,ji) 
convex(i0); 
 
objective.. Z=e= sum(i0,theta(i0)); 
input1(i0,jo).. sum(i,lambda(i0,i)*y(jo,i0))=g= y(jo,i0); 
input2(i0,ji).. theta(i0)*x(ji,i0) =g= sum(i,lambda(i0,i)*x(ji,i)); 
convex(i0).. sum(i,lambda(i0,i)) =e= 1; 
 
model input_ccr /objective,input1,input2/; 
model input_bcc /objective,input1,input2,convex/; 
 
parameter results(i0,*,*); 
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solve input_ccr using lp minimizing z; 
results(i0,'input','CRS/CCR')=theta.l(i0); 
solve input_bcc using lp minimizing z; 
results(i0,'input','VRS/BCC')=theta.l(i0); 
*----------------------------------------------------------------------- 
* Output oriented Cste Returns to Scale /CCR and Variable Returns to Scale /BCC 
*----------------------------------------------------------------------- 
equations 
output1(i0,ji) 
output2(i0,jo); 
 
output1(i0,ji).. sum(i,lambda(i0,i)*x(ji,i0)) =l= x(ji,i0); 
output2(i0,jo).. theta(i0)*y(jo,i0) =l= sum(i,lambda(i0,i)*y(jo,i)); 
 
model output_ccr /objective,output1,output2/; 
model output_bcc /objective,output1,output2,convex/; 
 
parameter results(i0,*,*); 
 
*solve output_ccr using lp maximizing Z; 
*results(i0,'output','CRS/CCR')=theta.l(i0); 
*solve output_bcc using lp maximizing Z; 
*results(i0,'output','VRS/BCC')=theta.l(i0); 
 
option results:4:1:2; 
display results 
